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EVALUATION

Because of the wide acceptance of RADC ’ s JOVIAL Compiler

Implementation Tool (JOCIT), demands were made on the A ir Force

to secure full rights to the JOCIT system . Consequently, this

effort , entitled , “Improvements to JOCIT” , was initiated to

lease the proprietary meta-comp iler , GENESIS , giving the Air

Force comple te  con t ro l  of the tool and to incorporate state-of-

t h e - a r t  o p t i m i z a t i o n  technqiues into JOCIT and the JOCIT

b u i l d i n g  l a n g u a g e , SYMPL.

This effort fell sho r t  of  RADC ’ s e x p e c t a t i o n s , i n s o f a r  as

two .TOCIT optimizers we re delivered instead of one ; however , a

DOt) “ f i r s t ”  was r e a l i z e d  i n  c r e a tin g  a ~f) -vea r  s o f t w a r e  lease

w i t h  Comp u t e r  Sciences  C o r p o r a t i o n  fo r  the  r i g h t s  to GENESIS .

In  a d d i t i o n  to t he  above , t h i s  c o n t r a c t  served as a v e h i c l e  for

p r o d u c i n g  d o u b l e  p r e c i s i o n  f l o a t i n g  p o i n t  and A S C I I  da t a

h a n d l i n g  c a p a b i l i t i e s  for  the  .TOCIT sys t em and i n i t i a t e d  t h e

up d a t i n g  of ’  t h e  JOVIAL J3 sped t ’i ca t i o n , M111 — STD l~~88 .

R I C I I A R I )  M .  MOTTO
Pro j (‘( ‘ t En g i  neer

I i i / i V
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LNfltODU C ’l ’ION A N t )  S U M M A R Y

‘l’he ‘‘Improve ments to JOCI’l’’’ contract was awarded to improve the operat ion and

versat i l i ty of the JOVIA L ,  Compi ler  I m p lemen ta t i on  ‘Fool (J( )( ‘l’ l ’) so that it would be

more practical  and conducive to use in a centra l  Higher Order l .augu age (110 1.) con-

trol fac i l i ty .  JOCIT is operat ional  at Home Air  I) ev elopnwnt ( ‘enter (HA I )( ’)  at

Gr i f f i s s  AFH , New York and pci ~nit .~ ~~~~&‘ ~ “n ”r~~t ion  of high q u a l i t y  J O V I A l .  (J3)

Co ni pile r s,

In i t ia l ly  the contract called for the t rans f e r  of the ( K N  ESIS Me ta— ( ’ompiler  to opci’—

ate on the RADC Ills 600/6000 computer complex .  GENESIS  is a (‘oniputer Sciences

Corporation proprietary syste m for producing language sy n tax  ta i ) les  sui table  for

use in certain types of syntax—directed compilers  f rom a convenient  syntax descrip-

tion language.  Also , the SY MPI.  compiler  (the language in which the majo r i ty  of

the modules in the JOV IAl ,  an( i S\ MPI  . compilers  are wri t ten)  was to he modif i e t i

so that  more of the computer indepen dent porti on s of the compi ler  res iiled in the

‘‘f ront—end’’ . Addit ional  opt imizat ion techni ques were to be added to the 5Y’II I~I . com-

piler. 1”i nal I , opt imiza t ion  techniques such as ‘‘code—straightening ’’ and ‘‘dead—

vari able  anal ysis ’’ were to he a(hle ( l  t~ the J O V I A L ,  compiler .

Subsequently the contract was modified to include the addition eif a double precision

float ing point capa b i l i ty  not previousl y ava i lab le  in the JOVIAL compiler  and to re-

write the .1 OVI A I. (J 3 ) ~u l I I  , —S ’I’l ) — 1558 dated :10 June 1976 , to reflect the double l ire—

cision f loa t ing  point fo rma t  and all  other updates resulting from the J O( ’l ‘I’ i mp le—

mentation of JOVIAl..

The installation of G F: N i~:sis was accomlil ished with virtuall y no problc Ins and w i l l

not be discussed fur ther  in this report. ‘l ’he rewri te  of the ?slI I —STI)- l ~~~~~~ was much

more extensive than o r i g i n a l ly  an t ic ipa ted . l’he changes were of such a m agni tu li ’

that the entire docu ment was renu mbci’etl an t i  completely retyped.

The changes to the JOVIAl , optimizer  were more complex and r e (l Uit ’ed eot i s it l i ’r al ) ly

more effort  than was in it i a l ly  thought neees s:i cv , Origin a l l  v the p 1 an was to add the

L 
new opt i ml z ations into the ext sting opti m i / ci’ • I lowe Vt ’  r , afte 1’ some stut ly ,  t his Ill an

was abandon ed in favor of j it ’oiluci ng a new opt i iii i :i ’r whi ch  WI tn t  ii replace the exist  ini .~
1

_ _ _  _______________________________ 4



one. ‘l’his decision Was par t ia l ly  based on the fact that the existing optimizer was

somewhat unstable , par t i cu la r ly  with large programs . ‘l’herefore it was believed

that major modificat ions to the exist ing optimizer might Increase the instability to

an unacceptable lt ’vt ’l and require more effort  to correct the situation than would be

expended in rewrit ing the opt imizer .  Rewri t ing the optimizer was begu n with the

new opt tn i izat tons such as code— straighteni n g and dead— variable anal ysis . After pro-

ceeding with this plan for several months , it became increasingly obvious that there

was neither enough t ime or money to complete an entire repl acement for the old

opt ini ii  er. in order to provide the m a x i m u m  possible optimizations for JOVIAL ,

a new plan was adopted. ‘l’he old opt imizer  would be left as it was and the new opti—

mizat lons would he added as :i separate phase . Additionall y It was decided to permit

the old optimizer phn se and the new optimize ’r phase to be run optionall y and tude—

pen it ent l y of one another.  ‘I’he only restriction to the opt imizers  is that the old opti-

mizer , if It is run , must run before the new opt imizer .  Even adopting this method

required considerabl y more t ime and manpower than was originall y contracted .

A considerable amount of testing was accomplished on the new optimizations . in

addition to the J O V I A L ,  ( ‘onip iler Validation Syste m (JCVS) test s, there were four—

teeii Strategic Air  Command (SA(’) programs which could not be run through the old

opt imiz er  without fatal  errors . At the conclusion of the optimizer testing, all of the

fourteen SAC programs had at one t ime or another been successfully optimized

through the new opt imizer .  Also , twelve of the fourteen SAC p:’ogranis had been

successfull y compiled through the old optimizer  th anks to some chnnge~ made by a

former employee of Computer Sciences (‘orporatlon . lt was not possible to do testing

on the SAC programs with the f inal  compiler delivered , because they were de-

leted f rom the RADC Comput er Sy st em .  The new o p t i m i z e r  handled all  the JCVS

tests with the exception of the large (‘lnss 1 tests . Five of these six tests had pro—

blems , p r imar i ly  in the area of l imitat ion of table space. However , Lwø of these’

five tests do compile when using both optimizers . Appendix A of this report show s

the time of compilation and object program size of the various modes of optimization

for the J(’VS tests and the ’ S.’\t ’ programs. Genera lly there is improvement In the
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weeks at RAI)(’ during fitial testing. The Time Sharing System (TSS) fac i l i ty  of the

&;COS operating system for the Honeywell  6000 series computer was use d through-

out the contract,  Wh i l e  this a r rangement  was general ly sat isfactory , the lack of a

remote hi gh speed pr in t er  cap abi l i ty  d e f i n i t e l y  hinder ed progress . This was espe—

c i a l l v  t r ue  du r i ng  the f i n a l  debuggin g stages , l arge’ l is t ings were sent by air freight

f r o nt  RA I ) ’  on a t l : t i l v  l i i ~ is , b itt  th is  usual  iv resulted in a two or three day turn—

a round pe riod.

I )ui ’iu g the l’e iur  sc etf t l t  is contract , :i Ito t i t h e r ol ’ requests we ri’ t ’ecei veel concerning

I iugs  in th e  c o mp i i et’ , pa t’t ie ul :i clv iii the etliti ni i , V’i~~~ I lowe ve i’, the contr act did not

e’e~ ‘i’ m :i iu t t ’n ati ce c i i i  t h e  e’o t i l i t i ler  an t i  there ~‘as neither the t ime  nor funds avail-

able to i i t ~’estigat e’ these t ’epoi’te ’tl  l iro h le  ms • :\s su tu in g  that J( )\ ‘I A l .  ~J~~) wi l l  con-

t inu e  to lit ’ used (‘or se ’l t1e ’ t i me , th ieve  d e f i n i t e l y  should he an on—goi ng main tenan c e

~iro gI’a iii (‘or JOt ’ I I V . I b i s  t’~ ul~i lie :teco mpl ish eel eithe ’r through an outside ci ‘ i t t  r a e —

tor or it t -house  it ’ th e t a l e n t  is a v a i l  abl e ’. h owever , without  a centralized i’ - ‘ i t s i b l e

:tut ho r its’ feit’ into cc i It ’ ~‘el o~ uui e ’iit :1111 I ma in t ennnct ’, the opti mu in else ful  ties s i t t  t h i s

va lua b le  tool w i l l  not lie re ’a l i , e e l .

_ j.~~~~~~~
’
~~~~~~i — V V V ~~~~V V~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~ ‘T!V~~~ V 
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S\ ‘e IPl, l,..~ N(;l ,~ t ;i. I : N I IV \ N ( ’l:M i:N IS

Ii ~t i’d ~’c’ It,) i t i ,~lst ,’ ( l i t ’ , hl , t t ’l I S\  ~el P1 , , ‘c t t i i j t i t t ’i’  l i i e ) l C ’  l ) e t I ’ t . t l I l t ’ ,t n t l  l i i e l i ’ t ’ ei~~t ’ l t t i , .1

IlCtitil ) tV ’t’ 01 e ’ i i h t , t i l c ’ IV ’ i t i t ’i i (s  h.eve I ‘t en  i m i i l t ’ni t ’ n t t ’el. t h e  e ’n h , e t t t ’ c ’ i i t t ,’nls ,c i ’ t ,’ l ’st ’r i l i t ’d

in t h i s  St ’C t i e t i t ,

t ’(~~lPI  l , h V : R l ) 1 I ~ I~~’ l 1 \  I S

( ‘oi i i h i i l t . ’ L’ il l t’ t,’e.’ t t V t ’it 1i,e~ C l~t ’I, ’Il  t ’t’ehe ’ f i i i eei dii  dt ’sci’i ltt , ’ct  lii ( l i t ’ l c ) l I t i\\ i 1~~ V I  t ’ ,1i ~ l , I j i I l S , .

( ‘oi i t i l t Ie ’ i i . t l ( t  t t n I u ~l d t i .ou

shI p e h i t ’ t ’e ’ t i ~ t ’ !SN II ’  hlot ’I~ l l U l R ’ . L I c t l ’ ;

ltt, ’t$~t l t  c l i  t t ’ t,’t i ’, t ’ ! H I  C [\ t t l t t e V Is i l l i i t ( ’ , i t O t ’ ;

cut I di i’ t’i ’t ‘t e ! h I )  I 10e V i i i d i  c c l i i i ;

hlo~ k I litll~’,tIt t I’ ~ let t t l ’

lIV ’t t e  i’ ~ ,\ t h t  i’ ti ue ~h l /.

l l h ;t ; IN .encI t V : X I  cli rt ’t ’ t i v s , ’i l t , i~ j ii i .~ h it ’ 5,1111 ,.’ h t l t ’ i ’lt , i i i c h j t ’ , t ( e i i ’  & h I V ’ l l i i i I t  1 I t l o c h  I l l  ( ‘ O l i t i l t —

ion.cl1~ l ’on’Ipi it’d el icIt ’, 1 .i si si li cii Fl/e l li t ’ O c t ’11 i s  Pt’~~ I l et l i t ’ h loe ’I~ .end h ,e s f l i t ’ s.t t i l e ’

block indVieato i’, the code wi ( li i  it I l it ,’ I tieteh s tot (‘0111 Pu ccl:  c i t  l i t ,’ i’Wi 5 t ’ ( l i t ’ c O t  I t ,’ i s

compiled.

Listi ng Options
s O N  ~,

l is t  d i r t ’t ’( i~ e :— ! 1.15 1’ , 
‘
~ ( t I ’ I ’ I  e k ’f , ic i l l  is ~i\

1
V , . 1,15 1’ I,

cl i  r et ’t t~ e ’ t. ‘ih’\ , 
,,
., j,,

~
,j_ ’ 11.1 l i i i ’

Lis t i ng of ~efli r e t ’ C eltIC ’ i le t  c i i i  t ’e t i i i 1t i l . i t i e ’ti i s  h i , t i i t h l e e l  in  ,t h ie i ’ ,t i t h i u c , i l l l i , l i l i c ’ i ’ . h u t ’

h igh e s t  lev el is I In ’ t ’ c~~n i p i i e ’i’ s~vj t e ’hit ’” i  I I  ( l i e  NOI . lS  I ’ op t i on  is  se ’ lc ’ e ’Ieci , to l i s t  i i :

w i l l Oct e i I V  i e ,
~ . I i’ llt ’55 t i t  ~ k it  l i s t  cli  t’et ’t i \  t ’S 111.11 e l i ’  I i 1 , I \  1101 Itt ’ i t i i l t t ’d~le ’~l l i i  ( l i t ’ St ’ll I’ e e ’.

Fhie fle ’\I le ’~ e I ~‘t l i S t l it. , i s  ( l i e ’ t u ’ogi ’ . I n i  i t s~’ll , l.owc z’ 1e ’Vt ’l5 I r e ’  (‘OI’’t l i l t ’s h i d

nes te d  t ’OP\ t i 1 t ’~ . It ,t ! I ,IS 1’ , ( i l ’ I ’  iS t ’ i ie ’ e ’titi t e ’i’ t t t l  at i i i ’, lev e l , i I S I I i 1 L ~ c i l i t ’t ’ I i \  c ’S

i i i  l owe ’ r l e \  c i s li .t~ e ’ It o elI  e e l  ~V ‘c I ( ‘ I, )~~\ is t ’e t i i s i t l~~t’e ’ei .tt ‘I hi ie . h e ’ i ’  leve ’t l i i i  i i  ( l i e ’

,.‘odc it u’ c (er s  le t . I ’lut ’r e ’le t r e, .c h l  l i s t i n g s  ~c i I l  be seippi’essett u n t i l  ( l i t ’ t d l t i e ’ is

_ _ _ _ _ _ _ _ _ _ _ _ _ _  - - _ _ _ _ _  ~~~~~~~~
. V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TV



V V ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - I

t il l /O tt  it , .’ I t ’d .  ,\ I t  ~t. u i ’  \ , lAS 1’ ‘~cutu Id the n  .cllow l i s ti  utg control Wit  b in th e  copy file

to ha’ e ’ c i t  e ’c ’t

l)t i t Pl . 1’ L 1 R I  t ’I S I t ) \

l X t i t l c l e ’  I i 1 ~e~c i s i O t l i ’  l :~~Is i t t d ~ l i t ’ dee ’la h eel i i i  t i n t ’  c i i  \ v d v S :

~ l~ uii ~ t i t i 5 s d  ~d I o t l l i l , .’,_j!!e ’t ’ l s i e t l i l t~ ’Iii  ~ I l l  ~ i , i i i t t ’  ‘

~ 
I )

in ,  i t t  155 ~~ 
I it t ’gt’ I ’ t i t i i u i l i e i ’

I t  ( l i t ’  i i i t i i i l ’ e i’ l i i c l i e ’, I t e ’ c t  to t ’ t l t , .’ i u i . i l i t i s s , h  i n  , real j I t ’i l l  is  e. re ,At ’i ’ ( t i . i t t  t he  m imb et ’

01 ‘it s  i i i  t i t t ~ 1 1 1 , 1 1 1 1 1 5 5 1  01 .1 si ig Ic p u ’eeis lou t  ui  i i i  I i t ’ i ’  of ( l i t ,’ tj  rt~t ’t maehi  i t ’, fl i t ’ it  em

is p i o t i t o t eel t o  t lo n b l t ’ p i’ e ’cis le i fl .

I ~~tU I f~’ p t ’t ’c ’ t S e ’I i  i c t l S t , (  1(5 ,[ Fe ’ i t l e i i t j  c a l  to s ingle  l il ’eci sio it  cons t a u t s exc ept h.i 1 ‘l~’

is i t ’p l~i~, ’~l I ’\  ~I ) ~ (~ l l i c i i ~~ . t l e  t l i& ’  t’\ lt ~ n t ’ i t t .,

c ’O M I ’ l l . l  R 1’V \ t ’ K l : l )  ‘c U R  \ \ •5

1 i ti t eL ’  I’ le t l t . t  t ’ ,t g reat ci’ cI , .’g ccc of tui .cel ~i t ie i u t e l ep e u i e i e n c ’e , t ’ornpi 1t~ r pat ’k eel at ’ ray s

e ’ ltt ’t ’t i  i i i ip le ’ i i i e ’ i i tee l. .\i~I~d\ 5 110W hi , tve ’  t h e ’ 1o1[o~v i n g  Sc a ix:

:~~ ,\ R R .\ \  it a i t ie  I e l i i i l t ’n s ie in I
.u’i’a~ E . tv o u t  au  t a t  p~ t ’Is I i  lit ’; l’l’ EM i t em list ;

, e i ’ i ’ . I ’, E , I c t . ) l i t  ;x S eIe f ~it lt is P

c 

N Ne t ~u ac king
c l e&l i i t i i i  packing

:~ I) 1)et ise pac k ing
~enl F~ ~ 

V e~ ) Speci lied p .teking
I)e f . iu l t  is N

V ~ i t e m  elese .
t t e n i  l i s t  :~ , — 

, V
— it t ’i i l  dest ’. , it l /i li l i s t

~~~~~~~~~~~~~~~ V~~~~ V V  ~~~~~V ~~~~~~~~~~~~~~~~ ~~~~~~~~



St SLitus Name unspe c if i ed ar r a y  info .
item tk ’st’ a name ‘ 13 Spec ’i tie (l ari ’av in l’o.

C
H
I)
0

V V ~ SlZt ’ ~unspt ’c ’i l i t ,’ci .1 t ’i’ .i~ j i l L )  :~~ “T”” i t t ~t u i  pa~’k t~pç

ite m pa th  tvpt ’ a \ I  c ief , eul t  is ,i i’i’a~~pack t c p ~

1’ S0

~pct ’i f iecI  a r r a v  info . a woi’d , fbi t , s i z e )

‘I’he fol lowing is an example of ,t eonlpi  I c r  p ,cched ai’i’.cy

.\RU.\\ X’c’ l u U t i l S I ) ; 11’ 1’~’il

V \ J ~~ 
( ‘ 2 N,

( ‘I )  I I ” I ) ,

1 :1 ’  t
C l i  I ) ,
1, 1

1’ h it ’ d l  l c t\V I i~ al lc t t ’ . t t  lo l l  W OO Id res et it  cm t i l t ’  I lo u i e v w t ’ h l  machi lie ’:

- C l i

~ i ;  
~ 
/ 

-

C l )  Lv i~Jiij

\ o t i t ’e (hal ‘cli sc ,tS . t s S i L : i c ’I i  , t l u l l  ~ e n d I  S i R e ’ i t  c ’ , I I l t ’ei ( c i i ’  l ie ) j x i t ’h t i i g .

LI t i l t ’  C I  I L  I is t i I i S h ) e t I~ iet t  an d Out’ 01 i t S  l t t ’ i i i S  i~ ~l~~’ ’ i  t i e ( I , c) i’ \ i t ’ t ’ V t ’ t ’Sd , the

fo l lowing c t ’i’o t’ me s sag e ’ ~ il I lit ’ g~’I tc ’ r at  eel:

‘I N t ‘ ‘iNS 1$ I ’ I :  N I’ ‘cV1 I ’l I U R .’c \ ‘

—V ..- - ~_~~~~~~~çVV~ .. - V V V

p ‘~~~~~
V 

~
VV__

~~~~~.:~~
_V _ V ,. V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
, -~~~ ——.‘~~~~~~~~~



—

PAItA M F;’I’ F ;HI ZF: D l)E I” STATEMENTS

V ‘‘ I)E 1”’’ skiten ients have been enhanced to allow for embedded pu r umetcr s~ The

following defines the sv’it ax :

V 
‘ 

. t.,’l& ’iit dcl ’
dt .’I d c c  :~ 1)1’,!’ delname

dcl

t ’lcni tk ’f :~ ‘‘t ’ l i L L’  stri ng ’’

char string
chat ’ string V

Where ~ t ’epi’cscnls any puiichi ~t Iile t ’har at ’t ei ’, Two consecutive double quotes

represent a single doub le quo le0 Two consecut ive  exclamation points represent

a single out ’. Single exclamation points are not allowed.

j~a i’m clef := (,pai’m list) ‘‘p arm Sti~~ g~t

pal’m list , ~
~ arm list a 

l e t t e r

pal ’m stt’~~g pal’m str~~~

p~crrn s t r ing  :~ to [‘in pat’m

chat ’ s tr ing ’ 
V

fo m i  l)U cm :~ ! lette 1’

‘l’here must I) t , ’ a coi~ i’esl)oncling letter in the pa rameter list for each fo r itial pa i’amete r .

‘When using the dcl’int’d st ring, any unused parameters UFC replaced with null str ings.

For examp le:

DEl” A I l(’(X,Y, Z )  ‘‘Tlt i ’c’I ’ !X M A N !  Y !X IF ’ l I E  GOES ! Z!

[1 called with

A l t c (V W I V ; L l , ? , ‘SPEAK S”, ‘‘I’O() SOON’)

it becomes

‘1’ I I r ’i ’l ’ \vi~; L I ,  MA N SPEAK S WI:  LL 11, i l l : GOES’ ‘l’OO S( XiN

L~~~T 
.‘-

‘ 
~~~~~~~~~~~~~~~~~ ~ ~~~

-

.

-.



or I t ’ cal led wi th

:‘c IIC ~, ~ L~ IN 1’ ROt ’ llL l ’ : ’

lid. ’ ‘..‘O t i l t ’S

1 lI:\’l’ ~‘cl,\N 1~i tN t’ ROt iur ~i : II” I l l: GOES’

M t  l. ’I ’ I P I , l :  ,~~s S R ; N M I V : N l ~S

R( ’l t l , ice ’mt ’n t St , i i t ’ i t t t ’ i i t 5  Ito ’~’ .i l teicv li~~ i u i i i l h i p lt ’ s i u t h s  oit t h e  I t ’l l  si ck ’ eu ( l i t , ’  e ’ej u . t l

s ign~ - 1 , .e nc t  l i . iv t ’ t I l e ’  i t i I io ~c ’i i tg s\tit.cx :

~ i t i s l u t h
t’t ’p iae ’ e i i ie ’ i t t  s ( , i l e ’ i i i t ’ i t t a 

~~~~~~~~~~~~~~~~~~~~~~~~ 

~V Sciit l e t ’ ;

u t t s i i t h , soi Lut i s i t ik  :_ .  V — V

‘cl i s inks ott I lie ’ It ’l l S i d e ’ ol ( l i t ’  e t it ia l  s i gn  ( V t  w i l l  tak t ’ d i i i  ( l i e ’ ~‘.ilue’ u I ’ t ltt’ Situ r e t ’.

l ot’ ~‘xa i i t p Lt ’  iii

V \ l , X Y Z 1 ;H , ltIl l 0

all  t h i r e ’t ’  ,i u’j . i l i le ’s  .it ’ t’ set to / ,t ’rei~

t O M  P l l t i ~ U l’ l l . ’cSI• :S

I’ I ’ l,”t ’I Oti  s Ic  , ( l ie ’  S \ ‘t i  1 , 1  e’ e t i l t h i j  I t ’  t ’ consist ed of ’ (We t t ihast ’s (e ’O cc’ o v c’  i ’I ,t  s t :  . ‘c N /  U an t i
( ‘0!) V .  ( ‘( ) I ) t , t In ’ l , t  t t ~ d~S I l i I i i S t ’ , was Ii i’okt, ’ii 01(0 two s i t ta l l t ’  I’ ph;i SC ’S , ‘ t ) I ) E an t i

.‘cS M I ;  I , ,, ‘ c i i  , i u l e l i t i o i i , i l  ::e ’t ’ a t e ’li li l t ’  l i , is  l t t ’t ’i i  a l located to .ie ’~’oiii u t tod . i t e ’  I lie ’ obj ec t
( ‘ef l l e ’ I i t i t ’ i ’ t i i t ’ I i I V I h  t ’ i i i t c t i ’ i i t , t h i e ’ t i .  l ’ l i t ’~ e’ c h a n g e ’s t’ t’ stt lled in  t lt ’ e ’i’ ea&n ’ei e ’ t ’ i ’ e’ ,i l le ’e ’ , i l  ion.

i ’ h i e ’ e ’olii l l i l t ’i ’ t te i ~ ot ’e ’eip ie ’i ,t i( l’~, ~~~~~~~~ i i i sh ’ad ci i ’ th e ’  ii rec le f l lS  ‘~~ ltt l i , 1 I ’ l i t i o i l .

I I  l 1 , l )  I N  l I ~ ,\ l ’l iN ( i I ’ l ’ l ’ t i I / , ,~~t ’ I ~~N

. ‘c iit’cc opt i i tti ‘ i t  t ou t  f t is  ln ’ e ’ii , t t l , ic ’t l l i i  t ’, h h i S e ’ i i i e n’t ’ t ’ I I ’i t ’ ie ’u i l  & ‘eue ic ’ le t  l t e ’ ge~~i I I ,~~u , L t e c l  ~~ l i e n

. I s s i~~~l i I i i g  t i n t ’  f ie ld  ~p . c t ’ t i , i l  word l . t t t l t ’  i t t’ i ii) t o , t t t o l i t e ’ t ’ ,, l o t  t ’x . i i i i p le ’:

.\.‘c .’c(0) PHIl (01

-~~~~~~~~~~ , - V V~~~~ V~~~~~~~~~~ V 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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.‘csSel in i itg t liese c .e r i ahlc ’s ~vt ’ re .11 lcit ’,it ci i as (‘c i i  1i,~~’s ,

II ’ l M  . ‘ c . ’ c V ’ c  t ’  (0 , Ii , 5 ) ,

1 1 1 t H  L ’~t ) , I ~‘, S);

l ’ l i t ’ i i  f l i t ’ l e i l l ocv i i ig  e ’otle’  ~v ei i i lc l  h av e ’  ln ’e i i  gt ’it ci’ .t t e ’eI iii f l i t ’  pi’c~’i t ieis c~e u n t I t l l e u :

l , l ) o ~ 1 111 1 1

c~t l  .“~ I ~‘ t \ i  l’ , hc ’I

~1 
~~ I , ° i  ‘

~ I ’~ ‘s i t  te Ut (cii’ SI~’ ic

Q I S  12

I, ‘ s ing ( l i t ’  i ic ’~% e ’ e u t i i p l  l e ’ i ’ , ( l i e ’ l e i l l owi  tig c ode ’ is ge ’iie ’ i’ ,i I ccl:

I l)Q 111111

(~i (5 I 2 l’ei si I t e n t  Oii I t

(‘t it le’ sc e l l i t’it e ’e’S ~c’ill ,ii ’c , t l e ’ ~ie ’ii e l i i t g  t il l ~t ’lii , ’ ( l t e ’i ’  ( l i e ’ i t e’ i i t ~ , I I ’ e’ s i g i i e ’ ei ci i ’ ei ii signt’ ei

. t i iu l clt’p e ’ i i , l i i i g  o t t  l l t e ’  lc ’t igl  Ii of th e ’ i(e’iliS w i t h  i’ e ’s h tt ’e ’l l e t  e’.te ’li o lh e ’i ’ . l ’hit ’c w i l l ,

hitit ~ cv e ’ l ’ , ~ e ’l n’ i ’ , l l e  ~ l iei  i t  e , t
~ c ode ’ S e \ 1 t i e ’ i i c ’ t ’s iii 111051 c iSc ’s ,,

S\\ I I t ’ l l  t i p  l ’ I M l . ’ . ’c l ’ I t i \

.\ i io t l i e ’i’ e t p t u  ito It j o l t  h i s  lue ’eul . t c l t l t ’ d I  le t  t i e ’ e ’ i e ~, i s t ~ e ’ e i i ’ e’ I’ t ’c l e l t  i’e ’ t i i e ’ i i t s  le i l ’  l a r g e ’

scc i t c l i  l i s t s  tg t. ( . i t e ~~t t l i , i i t  I I  scc i t ch  l R t t i i h ~~t.  (‘tiel e’t ’ l Ilt ’ c u d  i t n 1 u l e ’ i i t e ’ i i t , i t i ou the ’

sWj Ie ’li ~.tlii t ’ 15 e tSeS l  I S  , i i i  i i i c l e ’ ~ I t i l e t  1 1 1 1 1 0 1 1  t , i h l e ’. l’ at ’li  e ’n t i ’ c  ol l i i i ’  V I U i i i h i  t a t t l e ’

e ’oii t . i i i i s  a l ’ l ~~\ t i i s (  i ’et t ’ t i t u i l  wh i c h ,I liiii l’ S le t its e ’ tu t’i’ e’s~ieutieliitg pi’og u ’,l iii laIn ’ 1. i’liis

i i t i p l i e ’ s  t h a t  one ’ ~v ett ’ eI  pe’i’ ~ w i ( e ’h p e u t t i l is , t l l e u t ’ , i ( e ’ e I  iii tt.i t .i sp.le ’e ’.

t ’ tn le i ’  I l i t ’  i ie ’~’. i iii I , lc’iite ’iit.lt Ic t ti , 5P .ie’e ’ is t ’e t i i i e~i •V (tt i I t ~ t u s i g i t t u g  t~~cVo scc j ( e ’h l iOt i i t S

pet ’ Wct i ’ el  using o u t  ( In ’ ,t t l t l i ’ e’ss. ( ‘ t i e ’ , I t i t ) r o I u I ’ i . t t e ’  k i l t — w e t i’ t l  is  lei . t e t e ’e l  hiLt .1

t e ~~ j 5 t e l ’  h i d  iii I u i c l e ’ \ e ’ t l  I i’.i i iS l e ’I ’ c t t ’ e ’ii I S ,

I i i

_______ V ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ -
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‘l’ht ’ following is an examp le 0! a j ump table under both me t hods :

V 

V Old New

0 0

‘r HA .“c I Z E Ho Al , A2
‘l’ It’~ :‘c2 Z ERO :‘c3, Al
‘I’ R-’c :‘c3
I R A  :‘c1

I’ht~u new methcxl t’t’qUi X’CS slightit’ more d)ve’l ’head, so unless a switeh L is t  t ’c)nlalns

more th an 12 sw itt’ti  points , the old method is still ciscot,

1: RROH RI :  Pt )H’l’ 1 NC

i hit ’ following errol’ messages have beca aoideel to accommodate the new compi k’i’

featu ct’s:

tIN (’oR1t h~:( ”I’ I, ’Sl ’ 01” l) E1”

‘‘ L’( )O MA N \‘ PA Rt’c M i:’i’ i~: RS’

‘ZN(’( )NS lS’l’ EN ’i ’ Wl ’l ’ll /t lW/tV’

MA L l’( )RM i: I) (‘oI)l~: FILE’

‘M L ~S 1NG !i”,NI) ’

En aoiet it ion , tint cc ci’ ro &’ test ing lus i it’ t , ’t i  added to the expressioul scanner  to i’t’pei L’t

i ’it~t’~’Lt ttts ly i i i l t i I LglioSt’d t’r L’OrS.

11

hIII~ 
—

~~~~ -- , ,i . - ~~~~~~~~~~~~~~ ~~~. 1. 1.
”
:
’) 

~~~~~~~~~
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I~it hi ‘ R E  t ’UNSI I ) EH , ’c ’I ’l (  )N S

‘I’ lit ’ lot lo~v I tig e ’tili . i i i cctn e ’ tits (ci ( li t ’ S I I\1 1’l, t’e itnpt  icr e ’Ou leI lie I i iip lt ’ i i t t ’t i t  cci iii I In ’

f u t t iu ’ t ’:

,‘c i i i oei i Ii e at ion to I lit ’ langeta ge ’ c%’h ie Ii wou ld .iI t e w  th e ’

P i’e)g L’a iii  inc I’ (0 pt’ it o ciii ,t i’ ra~ e’l e ’incnt  ant i  .cr  i’ . tv  moves.

l o t ’  e ’\ h i l t ( i l t ’ :

, \ h ~ li , ’c\ ’ ‘c I t t ’ 11( 1( 1 1 5(l).

,‘cRIt~’t\’ 113:1’ It c h P~ I);

. ‘cl1 ( ’ 
~~ 

= 113:1 ’’ I~ I ;

‘t h i s  would c ’.L u se ’ fe tu r wo rt t s  f rc i in  a pa cal let Lib le ’ tii be

me i~ cci to a Sc’ i t  tI t , c tu lc ,,

2. .‘c I t,’~ e ’v .c le ta l  i e u i i  of co ck ’  gene ’ rat ed by t lie ’ SI M I ’I , t ’t iii i pi l& ’ i’ t O

maL t’ cisc tif spt’e’t;Li I t i s t  i’ut’tiotis (etc bet t t’i ’ lot ’~t lizt ’el opt itiiii .;ttiotis.

l”o i’ exa it i t i l t ’  us it ig  At )S j u s t  ret e l  tO ll Iii (lit ’ case

‘c A R ‘c’ , ’cR I I

:t ,, I i e ’t I t ’  t ’ cock’ gene cal cci (ci  t ’ cot i ipoet  tid II ”  st4cint’iits. ‘l’he cur ren t

algo cit  ltiii t’.t lls for  th e’ t ’ a Itia I t e rn  ot ’ t’at ’hi ele ’men of the t ’ei i iip outict

II ” , i ii ,t in  ai iling a I~~o le’ ,in .i lu t ’ rc~i r e sent ing ( l i t ’ senSe’ of I lie 11”

e ’o t i ch l t  iou . A hct le i  .ippt’o ;it ’Ii wou l d be (ci ,j uiti i h ) out i i n t i i t ’e i i a t t ’ I y

I I  .t n .‘c N I )  e’oticii ( Iti t i  is ta 1st’ cii’ 
i 
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hlcncfVlts dct’ivtxi fro m the enhanecmt ’nts done on tt ic ’ SYMP L t ’ompikz’ h o t  onl~ have

matte S’\ ’MPL a more por Libk and effect iv e inip lt ’inentation too L , but hat e also t

i’t ’sult,t’d in better code licitig generated for both S\ ’MPL and J( )VIA L. lu i sonic east’s,
better local opti m izat ion occurs and , in the ease of switches , mor e e f f i c ien t  data

packing occurs , In addition the svstt ’ms programme i’ 11(1W has better debugging tools

anti language featur es.
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IX)UBLE PRECISION

‘I’he JOCIT J3 comp i ler ha s been enhanced with a full  double precision arithmetic

processing data s tructuring and diagnostic capability . These enchancements required

modification to the syntax tables , precognition processing (part of the analyzer),

p ragmat ic  funct ions , direct code processing, allocation , code generator , editing and

L ibrar y  segments of the compiler within both the program and COMPOOL handling

sections . In addi t ion , modi f i ca t ions  to the SYMPL compiler were required to pro-

cess double pi’ecision declarations required for double precision compile—ti me pro-

cessi ng .

S’t’N’I’AX — \‘ARlABI,F: I)ECLARAT1ONS

Both the compiler syntax (JSYN ) and the COMPOOL syntax (CSYN) were modified to

recognize the fol lowing double precision syntactical  contexts and to establish entry

points within the Pra tmat ic  Function (PF 1 , l’F2) segments of the compiler:

• Scalar dec la ra t ions  of the for m

ITEM item—name I) $

• Array declarat io n s of the for m

ARRAY array—name (dimension—lis t )  D $

• Table item declarati ons for both ordinary and defined table declarations 
V

(if the basic form

ITEM table- item-name D . . . $

• Mo(ie directives of the for m

MODE 1) $

PRECOGNITION - CONSTANT RECOGNITION

‘Ili e prec ognition segment of the compiler recognizes references to double precision

constant s of the f orm

Lcont ext l I . E  l)~ E [context i

14
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Where I interger portion

F~ fra ctional portion

F:= exponent

E xam ples:  0.0251)

1. 1) 1

I .  2 7 63 2 I ) — l()

1)ou ble pr ecis io n cctnstatits ai’e i’t’cogn i /  eel in the fcil lowing contexts

• Ar i thm et i c  express ions

• Ret at i on a L  express ions

• Assignment  s ta tements

• I’ara meter s

• Presets

‘t’he necessary modifications to the Preset Processor were m i n i m a l ,  ‘Flie Pr eset

rout ine conta ins  cal l s  to NONS. The second parameter cif each call was c’hangt ’ci

from a value  tti tlit’ :tchi r ess of tlit’ va lue  us ing  the SI M I’l , I ,t )t ’ N I n t e rn : i l  fun et  ion .

‘l’here are also some eases where the ca l l  t o Nt iN S li t ’s  w i t h i n  a I et tip . I’ rc ’ C i e ius lv

the loot i i nc r emen t  had been title in a l l  cast’s . :\ c lcnihle pi’ee is iein check has been

inserted in these p laces . If the test is t rue , the It t e i p t ’ai ’ iable is set tc i ttt’o .

PRAGr%IA ’r l ( ’  E l ’  N ( ’l ’IONS

The pragmatic functions HI’ I anti I~1”2 are def ine d as fol lows

PF 1— All  cxlii ic it  and imp l i c i t  (Mt)l)E) double precision etccl :it’ ati on s of se ’al :ii’s

arra ys an d table items are posted te t the Sv nibot ‘l ’ able du r ing  (h it ’ I’ ii ’st

syntac t ica l  pass (AN 71 ’) . Double r irec is ion etrn st ant references  t h a t  h a t  e

been parsed ai’e resolved and posted tt i the’ Sv mbeil f ’ ah te  as twei — woi ’ cI

cons tant s.

P F 2— Den ible precision operand contexts are processed lot’ requ iced e ’ d t i i t  e ’ i ’~ ion

precedence determination , anti legal eoti t cxt dur ing  the set ’onci s v u i t  act it ’ a h

15
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i rn ss ( A N ’/ 2 ’i . l)oub le precision is required to have the highest prece —

dt ’mtce w i th i n  a r i t hme t i c  anti rel ational expression contexts. Conversion

f rom d i r te t double pi’ecis iou in assign ment statements is dictated by the

i nct e te ’ e f  the ’ i’e ’ct ’iC’ i ii g i tem. (‘onversi on from or to double precision is

ac ’c etn ip l i sl ic ’cl by ge ’t i erat  ion of the appropri ate in t r ins ic  function within

h e’ t t i t e ’t’ t i i e t i i  ate ’ I : iuguagt ’ passeel to (lit ’ opt m u  zat ion and ‘or code genera—

ion Iihase’s cii th e’ t’eimp i let ’ .

l ) I R I ’ ’C I ’ Cc i~13.

I’hie ’ r c t u t  j i l t ’s t~’hi i e ’tt h i a t i d le ’ cli t ’ct ’t cotl e’ % ve rc ni e i el if ieei  to al low double precision con—

st n u t  , Slu ic e ti le ’ e ’ e t i i i ~t i l t ’ r  t ’ t i t i t : i i t i s  m alt s ’ s ta tus  l ists which deal tvith the type of

ce t t i s t  :ti i t s • c ’ it ’ll e tl ’ these ’ h:i et te t  lie upd ated t ci include a status value for double preci —

s te rn , l Ilt , ~~c’ ai m ing rout tnt’  was moth lied to at low ec instants containing the letter I).

t h e ’ I) it id i e ’at e’s the ’ e’uct et f t he  charac t er  is itc pcirt ie in of the value and the beginning of

( h i t ’ Ili a t i t i s s : i .  t h e ’  rul e ’s which  govern the sy n tax  of single precision constants (using

the’ l e f t  c’r F it i ste ’aci  1, appl y in the ’ s atm’ manner .  t )oubt c ’ l recis ion variables were

: icl e ic’ tt  ( c i  ( l ie ’ c ’ d t I l l t t j l e ’i’ t e i ititt ’rnal lv t icve ’lop the t’ :i lt i& ’ of’ the constants .

A l .  I . e  ~t ’ :\ l I t  iN

I )c ’uh lc pl’e’cis ion sea l at ’s an d a r ray  ehet ’l a r at i e i i i s  exc lus ive  of those dccl ared in co rn —

Ili e t li , :ti’ e’ I j i ik ct i t et t’ei rt ’ e’ :mll o t ’a ti on te t an even—word atielr ess ing boundary for optimal V

t e , t c h l j u i g  a n d s te i r  age’ . ‘h it ’ SI .(‘ chi alm i s arc s e r i a l ly  seat ’cheel for occurrence of double

~~~~~~~~~ 
is te n t  var u : t t i I  c’s , :i t i ct  are’ ret lt ik t ’ci ae ’cewchi ng lv

( ‘1) 1 1 1’ G I N  I ’ U . \ I ’ c i U

l ’he ’ e~ Ic ’ ge’rn ’r :itor (‘tnt ve’rts the’ input  IL  sequ ence’ to :i l inked triad form , then pro—

e’ e ’~~se’s the ’ t r ia d t :il i le ’ to generate ’ etuttiut e’ciele to the ceide f i le .  To generate double

i t r e ’e ’ i s t e tum cod e’ , the t’eieie ge’ne r ate ir take s :Id1C ’autage of the fact that for the host machine

ji f t lie ’ .It  it ’ l I ’  .1 : ; ceirn i ij le r • th e’ cien ~htt ’ ii i’ I’&’15 ieit l Ii oat jug point register overlaps the

s i  u g h  c ’ p rc ’e ’ is kin float big point  register. V l ~hie,i. t~t~ci t, (~ d ouble lii’ec is ion floating point

Ic i llciws the same ceieie’ sequence as single preels iein f loa t ing  point. In addition , a one

t i l t  f ield I)IiF ’T in a t r ia d  ta lile t ’utrv is use’ci as a flag to indic a te that this triad entry

16 
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is a clouti Ic pi’et’ is ion pci ni it lye ’ itt’ iii , clout) Ic prec ision ~‘nl Ut’ ( c in c h , om’ a elc iu hi t ’ pvc’—

t’ is t O ll eXlii ’ t ’S 5 i t i l I .

S E r r l N l ;  l’H F: I) HI” I’ F’ l A G

l’he DPI” I’ f l a g  is set t~’henever :

A double ii reels ion 11. operator or operand is ent ’outut ei ’ t’el ~e. g. , Rl ’ IE X P ,

I) 1i1~ ~‘s or any da ta  i tem wi th  typ e ’ 5’ 1)B1V ’ in the  ss’ n ibol t ab l t ’’i .

2. An in teger . s inglt ’ pt’e’cis loll itt ’ iii is c’on ve’t ’ t c’th to  or fi’orn :i chenut t e pre ’e i—

sion i tem it ’ . g.  , l l ) X , l ) R X I .

3. A ttvei—weirel te’mpeit’ :tI’~ ti’ iacl is

1SF ’ 01” l ’h l h :  l)Pl ” l’ I ” lV: ’t t ’,

t ’c’tt st ant  ii : t t t c i  I i  u i~

t ’e itl st :mn ts :tre h a u i e l l e ’cl :is f e i l l c ’tvs

I ’lic f r on t  c ’uici  r o e u t i i m c ’ Pt ’ON ~~ u sed t c~ j t e~ St : 1 e l c i t l t i L c ’ h i r e ’ e ’ l s l e tn e ’ e t i i S t  a l i t  
V

I’l( ‘ON is used t ci h i e i5t (hit ’ cit lic ’t’ e’e ’i ls t :11115 .

t h e ’ t e n u u i e i  v :mt e t e ’ of ( li e ’ t’c ’t i s t : tu i t  is i’ t ’te i i ’u i e ’ch iii :mti :t r u ’ a v  t e n ’  in . i u 1 ~— t e ’:i ci  e ’(

J ust :1 t’ lle ’ w e t r i l  i t c ’m as rt’ t’v iot i s l y  , sc i I h:i t the ’ se ’c’onei wc it’ cI c i i  :1 ~I e r n l ’t  c

pre’e’ i s i c ’ I t  i t t ’tii e :iti l i t ’ r c ’t t ’ i e ’t’ c’e i .

1.1 1 Vt ) i , ’N and ,“tS l’’Q t’ie ’tcl s eit ’ t ’e i u m s ( a u i t  e ’tt t t ’ j e ’s lii th e ’ ~‘t u u i l , c t t l ’ :il ch ’ i i ’ , ’

u’ e ’a r r a u i g t ’ t in such a wa y  t h a t  a l l  ehc ’l t t i l t ’ pr e ’e’is ton t tt ’flts ,u t’ t ’ gt ’~’lipc ’~I

tc i ge ’th e ’t’ :t i ie l  e’t ’t l ic ’ :ih( ’adh t if th e ’ et t l ic ’t ’ c’t n m st  a n t s  :tutci  I i te ’t ’ :ul s . l ’ t iu i s , t h e ’

t” e ii t  di r onl y  need s te ’ align the’ e’einst :tnt s once ’.

I .c i a di u ig,  _~,~_~t t g1 e’r t ~t h em ’ : ‘cr it h mi ie ’t it ’ t i pe ra t i o u t s

I f (l it ’ :te ’tu :tI I eic ’:t I t e ’ t l  ot ( l ie ’ I IC c’ %% V oi’eI~ iii t tie ’ eloLiI .i It ’ pre’ e ’ 1 5 %  ciii  c il i c’l’ an t i  :i i’ d ’ u t c tt e ’ e ’l l t  I

gueius ~c ’ . , t ab le ’  i t e’m I , I lmi’ d’e’ h e ’ll’ r e iu t  h it’s :it’c’oni t i i e ’ela t  c’ I lit ’ s i t  l I n t  %t ~ I I ~~~. I~ V

c t’ih e’ci t i d’ l d iw

I ) I t  i”c I I is e ’:tI I e ’ei t~’lic ’nc C’ d ’l’ a I c i nc h Instruct ion cit  t el e iu t i l  e’ I t r e ’c us  i t ’ll t I c ’ m

t le ’c ’ehs to lie ’ ge’ume r : m t c’c i. I f the ’ e’pe’ranel Is ii t ab l e ’  mt e ’m , a sc ’l’1c ’~ ~‘I t u u ~.t  t i de ’

17

VV ~~ V —
- 

V_ 
•V~V VVV_~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘
~
‘
~~~

~“



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
V~~~~~ V~~~~~~~~VV

tions wi l l  be generated , e.g. :

LDA First Word

I~I)Q Second Word

STAQ Temp

I)FLI)  Temp

* Not genei ’ated if the dest in at ion register is an AQ pair where temp

is a two word te ’n ’up or arv location .

Otherwise , a s ingle i n s t r u c t i o n  LDAQ or I)FLD is generated , depend-

ing on the specif ied i  des t ina t ion  register.

2. DsTo1u~; is cal led whenever  a store instruction to a double precision

i tem needs to he generated.  If the operand is a table item , a series of

ins t ruc t  ions wi l l  be generated , e. g.

V I , I ) AQ Ternp **J

STA First  Word

STQ Second Word

1N ot generated if source register is an AQ pair.)

~Temp tvas generated ear l ier  in the program as a synonym of the

operand . 1

Otherwise , a s ingle  instruction STAQ or DFST is generated , depending

on the specified source register .

3 . DTL OAF) is called before any ari thmetic operation on a double preci-

s ion table iten u is generated. It call s DLOAD to Load the double preci-

sion operand. Later , if there is no immediate use of that item iii the

IT register , the SAV R E G routine wil l  store the computed table item

in to  a two word temp. Thus , the operat ion , except a store , wil l  operate

on (cml) an d ~vi I I  be treated as a non— table item.

‘S



t)ouble Precision Code Generation

In G EN S CC’ hel’ e the actual code generat ion occurs . whenev er a f loa t ing  po int code

sequence is encountered , the program w I L L  check to see it’ the DPFT f l ag  is set , and

wi l l  genera te ’ doub le pret’is ion or single p r e c i s ion  code accord ing ly

1 0 (‘ a ll and Exponentintion

VFhe code gen cr :ute ’r t ’ aI ls  the F~OR l ~R .\ N t’c ’ ulC ’ t’rs ion I ibi ’ :it’~’ rou t i n e  I o l i aneh i  t’

F:Nt’ODF’ atiti I ) I” t ’Ol)l” . ( ‘ol lsee lut ’u l t I t ’ , :111 cut  cv point  of . I”( ’ N \V  I) h i t s  hce ’ui :ichchc ’ci

in t h e ’ L i b r a r y  i’ e’ut tn t ’ I i~~t in i ( ’:\I - It ’ h : t u i c h I c ’ t i e ) L d b I & ’ j i i ’ c ’e ’i S i O u I  c h a t  :1 e ’o n v c ’ u ’ ~~ i t ’ l l ,

Sini il :mu’ c’u i t rv  11 c ’i l i t s  ha~ c ’ l i c ’t ’u l  :m cle h t ’cI t
V I C i I ~ I ’I~ :\ N e ’X I ) Oui e ’ii t tat t o u t  l i l ’ i ’a t ’v  i’ c ’t u t t u i c ’

c:t ll~ t c ’  . i V I 1X i ’ I  , . l’’ t ) X t ~~ . , I- ’ I ) N l ’ ~~, . I ” \ l ’  I te ’ ii:iitcite ’ c i c i t I t a l e ’ c ’ X }i t ’i i t ’fl i : l t i e i u l I c ’

i r u I e g r~, c h e i t i t t l t ’  ( c i  tlc t t~lile ’ cI c ’i~t iIe ’ Ic ’ u’ c ’ :mI , ; tui ~I u’ e ’:tt I c ’ tI ’LI t ’ I c ’ e ’ xi ’ t ’u l t ’ u l t i : i t u t t i l .

i’ c l t t c ’ i ’

~\ V~~t h  h i t ’ t’ ’ c l i t c ’ i ’  ph :ise ’ a t eCC’ l t u’ cie ’t ’ch u i ’ t ’ s t’ e ’c i t u i i ’ e’cI h i ic id i i t i t ’ :t t i t ’ l l . Sty t t c ’ii j t c ’ i u i t s  W e ’r e ’

:u l t l e ’il ‘ ‘ :?, ‘ c ’~ ‘11) ;u u ~’I a t i ’ It i tu l t l  e’ i i r i ’c I s uc t u l  i~ c V l l is A clt ’i2l ~it ’ pi’ c’c ’ I s  ic ’il I t  :it . ~ tV:t~ : i t id l t ’dI t e ’

(li e ’ c’a t l  i ui ~ St’e f ele ’lit ’e’ t en ’ t i l e ’ t’ e ’~t l  t e ’  eie ’t’t lii: ti e ’ c ’u i t  e ’I ’S i e ’ u i  i’ c ’ e u t  l u l e ’ ~H l’c ~I ) l . U l ’ t 1(1 w i l l

i l c ’W e)eitlitit di c i di t i lt ’ I ir e ’c’is ion v :u t eu ’ s  w i t h  tile ’ I t ’t t c ’r I )  ten’ cle ’t i t ’ l c ’ }t i ’ e ’e ’ i s  u c ’ ui items

r n t h t ’i’ t h a u i  :111 1” as t~’jtli s iulgi t ’ ~ti’ e ’t ’is ic ’u i itt ’nis

Nt iNS CC :ts t h e  i’ t ’eu t i u i t ’ i’ c ’c J du m’ j u g  ( l ie  l i i c ’St ‘~~ t c ’uiS i C e  u i io c l i t i t ’:it iou t v i t l i i u i  ( t i c ’ I” cl tt  ~ i’

phase . h~t~N s is c’ :ul I t ’t h t e ’  i t r o t l e l t ’e ’ h ea th  list hugs : iu i e i  ob i e ’e’t t ’Oci t ’ t o t ’  c’e ’u l s t : i u i t s . l’lie

St ’e ’e ’ ute i  i i : tr :u n i t ’t e ’u’ in ( l i e ’ e ’ :lI l t u g  sc ’e i dlc ’u ic ’c’ h e ’  R ON S  \v:ts t’ll :lui geci fre iuii a v a L u e ’ I t ’  t I l e ’

:ic icht’ e’ss e ’f  :t v a l u e ’. I t t  t h i s  w ay , ( l i e  i’ c ’id t  i u i , ’ t ’ c ’ t l l c I  e ’as dv ~il~t :iiul tilt ’ 5t ’c ’t ’iicl t t ’ear t l  at

a c l e i t i t i Le  I i r t ’e ’ t s  i t ’ll c ’c ’t ls t  an t . I I t i c ’ e ’ , ’ii s t :1111 iS  a t I e ’lul ~l c ’ j ’i ’ct ’is ic ’u i t~’pt’ , ( l i t ’ ( we ’

%C’e’I’dh S :ii’ e’ Cv r i t t t ’u t Ic ’ ( lit ’ e ’I ’iee ’t I t i e  : i iu . l ( l i e ’ i i , ~ l i , t c ’ c ’ i i S t  a l i t  is c ’ t u t  j iu t  t e ’  t i l e ’ t i s t i n g .

V l ~~i i ,  l’F:MI’ chaiui is uie ’w r e’c’i ’ cle ’i’ c ’ci i i i  ( l i d ’ ( l ~ eat ’ i i h :u ~~c ’ . l ’ i i t ’ ,\SI ’Q ( , ~ i t h i s  e’l i :m in

w:is s(r:miglite ’ti e’ci so ( l i :m t  t i l e ’ d i o u t t l e ’ i t r c ’c ’ I V V u t ’ u i  ( t ’ u l l ( ’ t ’u ’ : i u ’  u’s tye ’utcl e’c’tiit ’ tir st , to1lc ’t ~’ e’th

liv :mI I e’tiit’t’ t y pes . I ’liis t t e ’r t u i t  5 t I l t ’ el e ’l i ( ’ ie ’ ~u e e  i~~i c ’u1 e’ouist: tu its t o  tat’ at iguicci till event

%VOt’dI h c i u n c la r me ~ (•i s\s(c ’(ii l’e’e (tIjl’ e’tiU’utt 1 .
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U c u u u —  l ’ I n i c ’  I . i l i u ’ a

‘iii t he ’ I t  ~\ I ,\ I mc ’ul i (  en ’ i’e itu t i t lc ’ rc ’qu i red m oth i f i ca t  ion in the f l un — ’I’i me I V ibrarv

I ‘u ’c~ i~ ’ci’~t t , it  d i d  n ot l i : i t ’ e’ t h e ’ c’ap : i l i i t  it~ to  u i ie ’n I t or  d ouble precisioli i tems . As

CC i t l i  ( l i t ’ Ii  i t c ~t e ’ ode ’ t il ’oc ’ t ’ss i t i g  , a l e c u l i l  c ’ pret ’ t S  i ce ll type was  ad d ed t c ’  the i n t e r n a l

i t  i t S  I t~~t , .  \ ~~~~ t a t  e’eic h c ’ 1h i t  IV I :igt ~t’as ad d ed to the e’a t l  j ug sequence prtxiuced by

C ~~~ t~, e ’ ac ’m ’ it ea i~ I t  ( l i e ’ t’t ig  i ~ t r u t ’ , th e  v :mI t i e being mc iuii tc i r e d i~~ ’,m doubt e pt’cc i—

~ iot i  i I e ’t i ~ . l u i  t i i i ”  c ’v e ’ui t  , ti l t ’ uii e ’ti it e ’i’cct C a lu t ’ is ciut put Cl’ ith the  t e ’tt er I) r a the r  than

iii I i ’. .
~ t ’ ~ Ie ’u ie  CC i t t i  ‘~u u i g tc ’ j i l ’c’t ’i S l t i l i  i l t ’t i ’ es .
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NEW O P T I M I 7 E R

A new opt imizer  was developed under the Improvemen t s  to JOCI T cont rac t .  ‘I ’his new

op t imize r  inc ludes  such capab i l i t i e s  as code s t r a i g h t e n i n g ,  (lead v a r i a b l e  a n a l v s u s ,

unreachable and unexi table  code deletion , and several var i e t i e s  of f o l d i n g .  I t  is  pos-

sible to run  the new op t imizer  independent l y  f rom the old one. E i the r  op t imize r  or

both op t imize r s  may be executed du r ing  a g iven  c o m p i l a t i o n .

DESIGN C O N S I D E R A T I O N S

The new opt imizer  uses a techn ique called P—graphing to collect in f o r m a t i o n  ab out

where a given va r i ab l e  is set or used. The P — g r a p h i n g  t echn ique  used is d i s c u s  s e l

by Lovern an  [3 ]  . The P—graph for a va r i ab l e  suppl ies  a n s w e r s  to such ques t ions  as

“which  generat ions affect the va lue  of a giv en use of v a r i a b l e  X ? ”  and “which  u ses of

var iable  X resul t  f rom a p a r t i c u l a r  g e n e r a t i o n ? ”  In  add i t ion , if the P — g r a p h  is  com-

plete (as it is  in th is  pa r t i cu la r  op t imize r ) ,  the o p t i m i z e r  answers ques t io uus  such as

“is the va r i ab le  X guaranteed to have the same  va lue  at po in t  a as it  is at p o iu u t  b ? ’

Rather  than a s s u m i n g  that  each v a r i a b l e  is both set and used by e v e ry  sub rou t i n e

cal led , an effort  is made to  maintain lists of v a r i a b l e s  a c t u a l l y  used by in t e r n a l  pi’ o—

cedures , so that  generations and uses w i l l  not i)C c r eat e d  u u u u u e c e s s a r i l v .  VI~h i s  helps

n ot only to at l ow better code to be gen erate d , bu t  a l s o  to  ~‘u t dove ’u ’i on the s ze of the

data base.

P—graphing  is a powerful  t echn ique  because  it pay s  a t t e n t i o n  o n l \ V  t o  p rogr am fl ow and

not to the way the program was wr i t t en,  For e x a m p l e , i n the f o l l o w i n g  I) 1~otZVr anu seg-

ment ,

2;
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the old optimizer is unable to tell that the two uses of “a ” (In blocks 1 and 3) result

from the same generation due to the fact that the branch at 2 is treated as uncondi-

tiona l. The new optimizer , however , does recognize the fact that the two uses have

the same value.

At the start of the project it was necessary to decide whether the best course of action

would be to attempt to add enhancements to the old JOCIT opt im izer or to develop a
new optimizer with increased capability. The decision was made in favor of the new

optimizer for several reasons. First , P-graphing provide s a more complete analysis

of data fl ow. This allows a higher degr ee of optimization since an optimizer should

onl y perform those opt i m izat ions wh ich w ill not change the results of correct programs.

Obviously, then , the more that is known about the fl ow of data and control in a pro—

gram , the safer the cptimization. Secondly, there have been reliability problems in

the past with the old opt imizer , and an attempt to mod ify it could conceivably intro-

duce other problems. To avoid such problems and to take advantage of the data fl ow

information provided by P—graphing, a decision was made to adapt a design incorpor-

ating P-g r aphing into the JOCIT system.

The original intent was for the new optimizer to supersede the old. However , there

was insufficient t i m e  to incorporate into the new optimizer all of the optinlizations

performed by the old optimizer and the added optirnizatioris. For this reason , the old

optimizer was retained and either optimizer or both can now be run. In the current V

scheme , the old optimizer runs before the new one. (There is no option for the order

of execu t ion . )  This particular ordering was chosen primarily because the old optimizer

performs optimizations which depend on the existence of loop operators. The new

opt imizer  t ran sforms l oops into sequcui ces of ordinary operators , so running  the new

optimizer first wottld degrade the performance of the old one with respect to loops. A

further advantage is that  the new optimizer may generate sequences of IL which.the

old one might not be prepared to handle. In fact , there were several interface pro-

blems between the new optimizer and the code generator . It is l ike ly  that the problems

would have been too numerous  and too hard to remedy had the old optimizer been forced

to read the IL prodetced by the new opt i niirer .

22 V
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OPTIM I ZATIONS PERFORMED BY THE N E W  (V ) P ’I ’IMI Z ER

The following describes the opt imiz at ion s  performed by the new opt imizer .  ()p t i m i —

zat lons performed by the old optimizer are not discussed here except to cont rast  the

results produced by each optimizer . Optimizat ions performed by the old opt imizer

are documented in the JOCIT workbook ,

FOLDING ’

Three types of folding are performed in the new optimizer: cot stant folehitig, scat tic

folding and expression folding. These folding ty pes derive their names from the  t ’n lu e ’

types appeari ng on the right—hand side of the assignment statement. The occu r i’encc

of a variable on the left-hand side of the assignment is a generation of that vai ’iabk’ .

This optimizer is concerned only with assignments whose left—hand side is a scalat’ .

It. would be possible to extend the folding the optimizer does to include arra y element s

but this would be dif f icul t .  While constants and scalars are properl y c lass i f ied  as

expressions , the term “expression folding ” as used here is meant to exclude const an t s

V 
and scalars and embrace only those expressions for which some act t ta t computation is

perfor med.

‘Flit’ th ree types of folding involve replacing a use of the variable which was on the left-

hand sid e of the assignment by the right-hand side of the assignment.  For example:

A = 1  
_ _ _ _ _ _ _  

A = 1

B = A + C  13 = 14 C

The main reason for the distinction between the types of folding involve s the differ-

ences in when each ca n and should be applied. Constant folding can be applie d to  an~’

use (as opposed to a use tgenerat ion) of the generation since a constant has th ’ same

value throughout the program. Scalar folding can be applied only when the value of

the scala r which was on the right side of the assignment has the sanu.. value at (l it’

point of assignment  as at the use. The following is an example of when scqt ar fo l eh i t i g

can not be appl ied:

23
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A = ~~IN (X) A STN (X )

B = A  B = A

-/  > A~~~Q

C = 7 *B  C = Z . A

In this exampl e , the value of A in l ine 4 is not the same as on line 2. Therefore , It

tvou ld be incorrect to substitute A for B here.

Expres sion folding is even more restricted than scat ar folding. It  is incorrect to

perform expression folding if the value of any of the component s of the expression

differs  between the generat ion and use occurrences of the scalar to which the expres-

skin was assigned. Also , it makes no sense to fold an expression onto two or more

uses s ince  t h i s  would  amount  to u.t doing common expression e l imina t ion .  Therefore ,

t ’xpi’t ’ss ion fold it ig is performed only  whe n there is exactly one use of the generation.

l” o le l i t i g  can he v a l u a b l e  for several rea sons. Constant folding can a l low the code

geticrator to make greater use of immediate instructions . Scalar folding can allow the

op t i m i z e r  to l’ind common expre ssions which have the same value but are not textu ally

the same: for instance , . . . X~~Y . . . Z=Y$. . .X +Z . Note that since the new opt i—

n i i i er  does not cu r ren t ly  perform common sub exptession e l i m i n a t i o n , ful l  advantage

is not being t aken  of folding.  Folding also increases the possibilities for dead store

t ’l i n i i n a t i o n  by mak i t i g  dead any assignments  which f o r m a l l y  had uses . Folding can

a l so  he lp  the cock’ generator to main ta in  values in registers , e l imina t ing  unnecessar y

loads . Unfortunately, l ittle is gained on the Honeywell machine due to the fact that

the contents of the ~ and Q register must be destroyed for a l l  but the simples t  co’mpu —

ta t  i o ti s .

V l~h eve is an overlap between the folding done by th e old and new opt imizers .  However ,

the t ie’w op t i m i i e r  performs folding in some cases in which the old one does not . One

example  of such a case is shown above under ‘P—graphing. “ it is an IF. . . THEN .
24

V ~~~ V 
V~ ~~~~~~~~~~ _

~_flF.~~ ~~~~~~
- -  

V~~~~~~~~~~~~~~~ i~~~~~
i_ V

V V
~~~~~~~~~~~~~~~~

V
~~~~~~~~~~~~ 

~~~~~ ~



ELSE construct , which might appear in J O V I A L  as IF  El ’FU A $ A = . . . ()H IF ’ I

A 8. The old opt ini i zer  does not reco gnize that the two uses of A have the same va lue

and are unaffected by the assignment , The new optimizer recognizes that they r esult

from the same generator and would fold accordingl y .

Dead variable analy s is is perf ormed for the scalars in each I)r ~
)(’e(tur e. I f , at some

time , a generator has no uses and the generation ts the result ot’ ati ass  ign u ie t i t  state-

ment , the assignment is deleted. While th I s  op t im iza t i o n  is per fort ii ( ’(I for assigt it i l ( ’t i ts

which are dead at the source level , it has a larger pa yoff with  regard to :ussigni tnen ts

which become dead due to the appl ication of other op t imizers  such as folding. (‘on—

s kier th e code sequence:

A = expression

IF A NQ Q

V If this is the only use e f  tha t  pa r t ict i l  an ’ gt’~ et’at ion of :\ , the ( ‘xpr ess ion w i l l  be folded

into the 11” and the ’ store w i l l  be del e’t (‘dl.  (‘onstaut  fo ld ing  a t id !  S cake n’ lot dii  ug may a I so

create s i m i l ar  s i tua t ions .

At the present t ime  there is no p r e v i s iot i  to deallocate v a r i a b l e s  wh i ch  become t tnuse ( I

as the result of dead store e l i m i n a t i o n .  VV\ va r i ab le ’ s P—graph couit a ins  suff ic ient  infoi ’ —

matio n so that an op t imize r  such as t h i s  c out u l he’ added at a f u t u r e  d ate .

CODE s”l’R A IGlI T E N I N G

One of the fea tures  of the new o p t i m iz e r  is code s t r a igh t en ing .  i’he purpose of the 
V

code straightening as impl ement ed i  here is to e l i  t u ina t e  unnecessary GOTOs and to en-

sure that a block precedes all those blo ck s evhi e ’h it hack (Iom inat es .  El i m i n a t i t i g

unnecessary COTOs saves execution t i m e  H id!  space’ and al lows good code to be gVe~t i_

erated for conditionals without  comp l i t’ at  lug the  f ront  end .

The code generator require s that v i t u e  e le f i t i l t  ions (\ ‘AL Ss or \ ‘A i, l) s ’t t extual l y  pre-

cede any uses (VA LI I s) .  In an t in stn ’aight en ed progi .ani it m ay  be possibl e for a use to

logically follow a def in i t ion  hut to t cx t ua l  v pret’ t’dl e’ i t .  (‘ode straightening, as i niple — 
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niieul cit he ’re , goat’  :i ui Ice’s t h at :i geti et ’at iot i w i l l  procede i t s  uses .

V I ~ I it s algo r i t h t u  use’el cti t i  be’ dlv  itleel l og i ca l ly  in to  tw o  du st int’l p :n rt  5 . I ’he ’ f i r s t  p a r t

e’l i n i n i  t in t e s  ( (  l’( is to  label  eel ( ( ) l ’ ( 1s , l’he code’ seqttt ’ti ee

1.1

1. 1 ( ; (
Vt l’O 1,2

is chan ig t ’ et to

(‘id I ’ d )  1 2

1.1 . ( ‘O Ft ” 1.2

I I t nt any iioi at ui o ret ’er e ’t ic e’s to  1, 1 cc’ nm it i a ti e! t here ’ is no fa l l  I hrougl i , the’ ~~ )
V I ~& at

I I is deleted. \\V lii l e such st’qlnetmces :nre ’ rc ’I at iv e ’t v rare in source’ code , l i i i  s s i t  u: nt ion

cl ot’s o(’e’tnt ’ iti tIme code wliit’l i is get ie r :mt ed for e ’ot idi t iot ial s .

:\ t t e~r ( ; ( )  I ’ d i’~ to  (~( 1 ~~ 1~ have  ht ’t ’t i el imi t i a t e d  in ( li e ’ n i tmnn ie r  ete scn ’ibed abo ve , t he’ t’eldli ’

t s  re ’ore t e ’i ’et t lto t l i  to (‘ttStli ’ l’ t l i t i t  ha ck d i d ) t l i  i u ia t o r .s ~i t ’ce ’ ’de th em ’ doom itiat ees : mt iei  to

I n i t  i ti n t e’ s otue uion ’e n um u i( ’( ’ e’s s :m t ’v G( 1. l’ ( 1~ , Sta c l i  t ig fr ou i  ( lie’ progTa iii t ’uit cv :mui :tt t e m p t

umat i t ’  t o  h ave’ each h u t ot ’k lol l owed t e x t  t in t lv  h~~
V a hI oe’k ~‘hi t ’li at so t ol l  ow s it  I e~g t ea II  v

V l~hi e~ I ogie ’al st t & ~t’e~V sseu rs  ot’ :n bloc k e ’t ul i t ig  t ti a lid l I d  or I’ ‘~S 1’ a t’ (’ (‘X ti tO itied i . I t  Oti t ’

411 ( ’h succe’s so t ’  h a s  uot ~V et he ’e ’ti orelt ’i’ &’ et , it is p1 aced i iii tim ed i at el\ t o l l  cu ~v tu ig  I he ’ bl ock

he ’iti g l) i’oce’ssed :i umil  th e ’ o ther  stie’ce’ssoi’ . it ’ a n y .  p1 ace ’et c u l l  a l i S t  01 c : m t i e i u t : i t e ’ s  tot’

t u t u n ’ t’ p r d u c e s V s i n g .

V l ~h( . foI l  owing : ln ’ e’ e ’x :t t up les  (II th e type ’s of opt i n n i  / at iotts pt ’rlot’  t i m e d :
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1. Useless (, 0’l’() eliti i i  nation:

~~~~~~~~~~~~~~~~ 

L1~ ~ ~~~;O I’O L l $

L[G~
.1
~
O L3$ >L 

l

[ 
Li. G:)’I’o l . l ~

since the block containitig the ’ d l e t t u m i t  j im ot ’ 1, 1 now fol l ow • the ’ l iO l~( ) , t h a t

(( iI’() is sup erf luous  and c a u m he itt ’? e’ted. ‘l ’h e ’ hI o~’I ~ coot  a iii lu g 1.2 w i l l  I me ’

~ a(’ed Vsot l iewhere  el V5t~1’O1 low i tmg a re ’tt’t ’eumce ’ to 1,2.

2. ‘l’est reversa l  and ( () ‘I ’ ( ) t ’l i t n i u i a t i c u u

TSS’I’ i’ gil 1~SS1~ ~~~ L2

~ > ~~~1l .

g Il . where gil is a genen’ at ed label,

Since the fa ll through block attet ’ a ‘l’
~S’l’ e ’c utiIaIiiS o n l y  a GO ’l’O , the sense

of the TSST can he reversed and t h e  Ia n ’ge ’t e ’ l i . i t m gt ’ eI  to ht ’ati e ’h di reel l~
Since there’ are no tithe ’ r predecessors c ml t i m c  tid i t ’  ( ), it  can lit’ ett ’let ccl.
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l ’he ’ :tl  g eu r i t l i  u u i is e ’e m t mi l ) l i c :mt eel s eu tim t’ wha t h the ’ (‘O(ie’ g net ato m s requ ire ment that  the

I I  V eupt ’m’ :nte u r  I’ I’ U \l he hot ii t h e ’ phys ic :m l :iuel 1 og it ’al end e f  t ime ’ progra am .

It  slie~ i Icl  lit’ u ’aoted t h at the  cemele ’ st ra ighte n ing at gor t t h n i  used is not that  of Earnest ,

c ’t :11 . 1 1 1 . S i n c e  P—g’m’ :m~’ hmumg el i t i i i t om t e’ s t ouch of the need for cock’ s t t ’a ight e ’n in g ( in

time ’ •e ’ui- ~c 01 iiu ~~t iu mg t ’eude ’ ha Vse’d on ~‘hwthei’ it I s  l og i c a l l y  in a l oop or not ) it was po s—

s ih lc  to  l i s t ’ a s i u i m p t e r  al gon ’ i t h u i  . I n n s  much as the ’ new opt imizer , :is cum ’r eu t t v  i m p l e ’—

t i i e ’ui e’d, i s  u l d u t  pc u wt ’t ’ tc i l  euioug h to co t im p le te ’lv  n’epl act ’ the old one , it t ony h ave be’en

bet t e’i’ t o  ha ye ’ tt~ e,’e l t lit ’ t iiort ’ coun p l  icat  eel at got ’ it h tim in order to enha nice IoOi) opt ito i —

‘at ion.

~~l, i \ . V l ~~\ \ V I ~ \ U t 1 ~h l \ l l .~ I~R~

dV otis tauit ar i t h t m i e t  ic i’s at  so p e ’ r t e m r u m i e ’ cl he’ the ’ new opti ml icr. \Vhi l e the constant  ar i th—

met ic pack age ’ i s  ha s ica I Iv  t u e  one which  :mp pt ’a red in the ole! opt i n i l  icr , but modified

to work wi t  Ii th e,’ new opt ta i l  /cr ’s data base , some impt’oveme ’nt in the optimization

oImt:titi e’ei c :mz i he’ e’X I ) e ’t ’ t e ’tt d ent ’ 1cm t he’ bre m aden e d i scope of constant fol ding.

t he’ t it ’W 01)1 1 t i l l  . ‘ e’u ’  eit ’l  etc’s code’ which  is fouui el to be unreachable  or unex itab l e. t ’ ni-

n’ t ’ :t e ’h :t hl e e ’cu ch ’ l ’s  c d m d l e ’ to t ’ ~v hii e ’Ii there ’ t’~~ i st  ‘s no path f rom the entry po int. 1, ’ u iexita bl e

t ’ode t. ’s e’ode’ wlii e’lm prov id es mo p ath  I i ’  t Ime ’ e’xtt . Fhie an a l y s i s  for t h ese cases is per—

b r  med g l o b a l l y  so t h a t  t ’ode which  is I :itmt ’lt ’d L utut u uim ’e t ’ercuict ’d . as ~vel I as u uil abete’d

h u l l o w  u nue .~, a r m t u u m e ’ o u m d i t i e u t m : m l  li )‘l ’ i. ) , is el t ’ l e ’t e ’el .  \Vh i le ’  most ot’ the  unreachable  cock’

w hich ha ’s he’en t’e ’iinid i tm t e ’ ’st  cases so f: mr ha .s been (lie ’ r e su l t  of t ’on stant  tic i t hu i i e t i c

cte ’ l t’t lug t est , t he’re ’ h ive ’ heeti some’ exa tm m p l t’s cit e n u i r e ’achm able ’  cock’ fo c t u i e t  m m  rea l pro-

g ram s .

t he ’ : i l g c u t ’ i t h i u m m  used to e’ot ii ~u te te ’  t’orw ar el  a u m ul  hack domin ator ’s (‘or (lit ’ b locks  m i  the fl ow

e~V t , : t l uhm is  lu a s e ’e t  ( m um to m a l g o r i t h i t m i  ( m y  I’ a r j a t m  I ~ I m ud ope ’rates m i  0 (Ii log ui t’)  where ’ ii

V S ~~~ fl~~ i~~~’ ot ’ h ~~‘s ~e’ (ml eue,’I~s it~ t h~’ pm’ogm ’ :1 iii a tiel e’ is the ’ no mber ot’ e’dges . 1 ti I he

I t u m p l  ‘ , i me ’t m t a t  ion i t s  cii in t ime ’ tie ’ev opt i i m m  I , ’ e ’ t’ , t ’im i ’~~ ’ :m m ’ el de m t i i  i nat on’s are c otmi put e’el by m ’ e’—
( ‘r ’ s iu lg  t i l l  ot time ’  edge’s i n n (hit ’  gV n . .II)bm :l t m ( l c ’a l e ’u l a t i u m g  ‘hac k elonmm it i a t emr Vs ’ fom ’ th u s n’ e’—

t ’ t ’  ‘s e’d gr :mp im , s t a r t  lu g (ro om t he ’ ex i t .  I’ana t u  ( t I has deve loped a l’qstem ’ algom ’ ithm

t al imutis t I in ie tur )  lot’ c a k ’t i l a t  i t ig  d o t m i i t m a t o n ’ s . h lowe ’e’ t’r , s itict ’ the ’ d toum iti:mtor e’alcttlat ion

i -s ‘ s t i t ’ln :1 t nma t l par t  ol’ the opt i tmm u . ’e’n’ proe’e’ -ss , it  is ciii! ikely that chatugitm g I o the ne ’%ver

___ — 
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algon ’ i t h tu  would hur iv e ’ a a apprt ’c iahl e’ e , ft e ,t , t ot t e.’ on n i p i  I at Iemnm ( m u  e’

OP ’l’iMlZ l’ U Wl :,\  KN iSs i:~

Fhi e’ ue’w opt i t uu  i /& ’ l ’  hi:i t W e m  t m i a i r m  ev e:m kt it ’ .se ’s — it i ’s i’ t ’ i t t t  i e e , I C  s l e m ~ ’ m i t t  t ’ t ’e l e i i r ’ t ’ ’s :i r ’ gc

tu i mi emu t i ts  cml ’ t ’ eun ’ t ’ to h:m t ue t le  I :in’gt ’ ~o’emg’n ’ : mtmis  ~~~~~~~~~~~~~ pt’imIml e ’ rmn V . l i ~~( ,  c’x~’l a t i me ’ cl  it I t ’ : m  ~t c i i

part  by the ’ (‘ac t th ia t  ( hue ’ opt i tmi iiu ,’t’ is  at t H e i s t  e ’eutnp le ’te’t V e u m t i i i i e ’ c t  t I t I me ’  I u t ’ e ’ ’ s e ’ n i t  I n i t ’ .

V l ~he, opt nu ii / at iou ~ r ot’ e’s s i - s  iten ’:tt i c e  he ’c ;i cisc’ u~e’r to t ’  r u i n i n g  c ur i e ’  imp t i t i l l ’ ’ a c c l i  i i i  t i e  i u n i c  m e c i’

othwr empt m mi i , ’ at j u n ’ s  whiit ’tm catu lit’ lme’t’ior timed , l” cm t’ e’x :i mi l lie ’ , I c c l  ~l uumg t iu: i e : m t i  cc’,’ c ’~ t i  .t i nu

ar i thmet ic ’  to lie ’ t mer l ’ot ’t ii t ’e l m m  a r c  I i ’ ’ s t a t e ’ n n m e ’ n n t .  i t  r i t a, I l t en i  h~ ’ c c c
~~

, —, u h l e ’  t m  lc’ ~,’l ’ nnllltt ’

that tine b r an ch  c u t ’ t Im e I 1” is n me ’vt ’r I :mke ’ti evhu tt ’hi t i i a v ’ .ml l i u w 5 0 1 1 1 4 ’  c o m i c ’ t c I c j ’ l e t  e ’t c ’ I :1

unreachable’ . l’hi k tuu :i v : m l l c u w  : t e l e t i t  i e m t m : i l  t’c m l u l i i m g  t i m  Ic c’ c l i n i c ’ , e ’ t c ’  . I t  i - s I c e m - s 5  i l c l t ’ t i m  i n  l i l t

the’ no nu ih e ’n ’ of it e ’t ’  at ie mn is  t i l l  cmwe ’ei :tt ( hi t ’  ( ‘d u s t  (ml Hv~ t’l oa u l t r ig ’’ sc ‘t o e ’  c ‘ict t m n ~ .’ t i t  1 1 1 1 1 5  cv

e’vet ’ , t iti attt ’nipt h :m s  l m e ’ t ’t t n u m a i t e ’  to  d i m so at ( li e ’ I m n ’ t ’st ’ ni t  t u n i t ’ .

‘i’ ht ’ opt i nn  i,’t’r’ cati l~~’ m ’ X l ) t ’ t ’ t ( ’ m I  t i c lie ’ I :irgt’ c l ue ’ t i c  t Im e ’  n t t m ( d n n ’ e ’ c c l  i t s  u l : m t  a i c : m - s ’ . I i i  on ’ it ’ t ’

te m pe’ rfemrtum g t c u l c : t l  opt inmu i ~’ :mt iotis i t  is nire’e’s-s :tn’v 1 cm n mm : mi n mt am I :mt’g t ’ a n u m c m e i l t t  c m l ln ml m c r’nli : i —

t ion in core ’ uule ’s’s e’onui p it e’ l itt l e’ i s alt c ce c ’ t ’ut 1(~ uner’ e ’: l - s e  n l l n n ’e : l - s c  ctn:i J ml c . l h m ~l c ,  :irc :i

n iu n m iber  of i tm —ci c t ’ e’ t m i m i c ’s tn I h u i s  i n u u p l e ’ t u u e ’ n i t  :i( i e mni  w l u i t ’hi hold i t i f c m n ’ i i i  : n t  t o rn  : t l c i ~ i t  b lue ’  m u m  i c e

prog~’atmm . All  cu t time’ e ’nm t n ’ l e ’ -s in ti g i vt’ rm t a h l e ’  :mn ’ e ’  c oot iguo c i s  . t i n s  : u t  I c ’W -s 5111:111

p em ini te u’s  t mt i e l . he’n ie ’e’ . V s n i m : m l l t ~n ’ enu t  r e s l i t ’s . h i nt  ( l i i  : m i c l m m ’ o:me ’ h m doe ’s n ’ e ’ d l u m t ’ e ’ : i ch t  it n c c l i a l

work when t m t a b le ’  is to  l i e ’ e ’xp :itc e ie ’cl ti ’s cup ~c ems t ’ i l  to  u s ing  a I i n m k t ’~t h i - s t  t : t l m l t ’  .1 r’ uu e ’tum t ’c’ .

Tables are a l l  im c :tt e ’d ii i  bo th  p hi: ms e ’ ‘sp ace ’ g u m  :mi ’ e’a t hie s i c ’ c m l t i m e ’ u l i t t e m t , e~t ic e~ c c l  t I m e ’ -
~ i

of the largest tmh i :use ’ a n d  the ’ em p t i m i i . e’r) au d ‘ s v r u u i m o l  t t u h m l e ’ s1 1 :m e ’e’ . \Vh ut ’nm a m ew t t i d e ’

entry is t ie ’e ’ele ’el , i t  l’s i m l t t a i n u ’ el t t ’ e ’n t i  t i n t ’  ft’ (’t ’dl e ’n r t r e ’  t i s t  m l t h a t  l : t h l t ’ . i t  i ’ ’  ~‘ s l t ’ l d ’ , I I

ri o en t ry  c~ut i he’ ele ’te ’r tm uin me ’ et t hm e ’r e ’ , a n att e’ tmm lm t is t mi : i d e ’ t i m  c m t m (  :1111 t Ime’ e ’i mt cc h i m  l i e ’

unused space tmssoc i:mteel W i t h u  th e table ’ . I t ’ t hu e ’t ’ t’ n ’ s  ucu t  e ’ n i e m t u g l m  t ’ oe m t u i  I h ere ’ , i i i  :tt ‘ ‘ t t  i t t

is nitide ’ to meu ve thut ’ s emi’ i’outuil irig t :mb l e’s t cm otm ( a i  a n u u c c n ’ e’ s p:ie’e’ I on’ t h a t  t a t  ch ’ . I t  I Im: nh

fails , then the ut iu se ’iI  space’ ten’ t he ot h me ’n’ t ab l e ’  is ret i n t ’ n m e ’ i l  . I t  t h e r e ’ us  s t i l l  not e ’ u i c m i m g hu

space , tabl e’s are shuffle’et f r e m t n i  e m t iv  :mr e ’ :u to (hut ’ cut h u e ’ i’ il l arm it t e s t il l u t t i m  ~~~ a ni m e’ ncc m tighu

‘space , 1” inal lv , if the ’n ’ t’ is s t i l l  not t ’ue mu ghu sp:mt ’ e’ mid t hut ’ se n im ic o t I m i m I c ’  has  i i  t L ’e ’e ’li

expnncletl to its l i m i t , a s~’ s tem c: u l I  is nuu aeh ’ (em olut aii m n u m e u r ’ e’ space ’
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Rather than  to force each routine whi ch creates table entries to check , each t ime  the

space nuua u ag eu ’ r e t u r n s , to se’t’ if there r e c m l l v  was enough space to s at i s f y  the request ,

a block of space in each ar ’a is held i n the reserve.  ‘i ’hu is , at least in theory , allows

the niodut e’ evhich is current l y  execut ing to tem ’ no m ate gracefu l ly .  Then , between mod-

ule ’s , a check is made to ‘see whether or ri ot the reserve has been used , if so, appro-

priate act ion car l be tak en .  If the space manager is unable to sa t is fy  a request after

the reserve has been used, it is forced to terminate the comp ilation .

In practice , a number of large programs have caused the reserve to be exhausted and
compi la t ion  to be t e rmin a ted .  Exper imenta t ion  with the size of the reserve would pro-

bably Ie~id to a s i ze  which  would allow larger programs to be compiled in a given core

‘ su e. Each routine which cal ls  the space handler would provide it with an address of

a routine which could allow a more graceful exit when there is no more available space,

An even better method would be to d evi se a scheme in which pieces of programs could

he opt im iied. ‘l’li i s  e’out ci r equi re  cons ide rab le  work , however , and there was insuff i—

cient t ime to investigate ’ a nue’ of these p o s s i b i l i t i e s  tei any extent.

l’he re weu’ e’ several p r em b le nu s which toade the fi nu : u I  r e su l t  less tha t u  it n o ught  have been

utet ler i d eal c i r cun u s t : u t u c e s .  Perhaps the ’ t ’ti o ’st i tu up ortat i t  of these was tile lack of good

interact ive  debugging t acit  iti e, ’s on ‘l’~ S. :~ ii i n te rac t ive  debugger such as PCF Oti CSTS

cii’ 1) 1) 1 ’ otm the I ) EC — It )  could hiae’e tuia cl e tim e job si gtm i fi cat u tlv easier .  A good deal of

effort  eva-s spe~tl t b u i l i l i t u g  i n e lebugg itug clen tuu p s  anu ci  t r a e’es, \ V h m i l e  these pn ’oveeI v a luab le

ir e the debu ggmt ig effort  tun e d cotnlel riot have been el iniii t eatee i en t i r e ly , even if an ot u — l inc

tle’hugge’n ’ loud imee ’ n a v a i l  alit e , the ’ ‘space ’ e c t ’t tpi ed by the ’ debugging r o u t i n e s  ee’as useti

for d a t a  whetu t mon e e’mf the cl eb uggi n mg opt iotu s were on. l’)i i.’s caused sonic ’ d i f f i c u l t i e s

in reproducing hugs , hoevever , because ‘ se mn u u e pn’ohleni s which occurreti when there

were rio d eh ugg mn ug options oti were ’ ma skeel  w i t h  cle ’bugging one because the co tuu p i h  ation s

ran out of ‘space before the problem occeum’r etl

‘l’he i l ebu ggun ug fea tures  developed itu c lue le ’ for iuu atte d table  du m ping,  t racing (at .1 di f fe r—

e’nit level s)  a rid data chanm gt ’ monitor m ug . For n uu a ttee l  d im tuup s of till  of the maj or  tab le ’s

in the opt m i i i  ze’r are a ca it t ub I e dur i tug the execution of t h e  compiler  a ml a l l  table ’s are

dumped if t u ne ini ter n ua l i nice ” nms istencv ( OFUROR ) is d etected.
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Tracin ig is also triggere d by cemt itro l care ! option and CON’l’ROL .stat eiuie ’tm t . l Iie’ I e ’ve’l s

of tracinig available are major t ieodu (e ’, i ’cmut it ies w i t h i n  m ajeir  nuu o etu i  e.s , uti  I its’ , atu d

low level u t i l i t y .  Through use of the (‘ON ’I’ liOI . ‘staten o enit , t r a c i t ig  can bc ’ c ’t u n ’i ed (ti n ’

each procedure being cotm ipi ted .

Data change mon itot ’it ig is a v a i l t u b l e  ion’ sp ec ilk’ core locat ion ’s  arid for ta b le , ’ en t i r e ’s .

~Vhene~er a traced sechn ’oeut inc is callc il , (hue old value ’ feir t he  i tem Lie 11mg m c m m m i t e i n ’ ecl

is compared cv i th the ’  cu n’rent c’aI cu e ’. ,-\ clu n ip of t he’ i t e ’ t iu  I - s  pu ’wlu ced i f there,’ has imt ’e’n

a chanug e . l)ata c’han ige ’ nu i o nm i  t i m ’ 11m g I ’S : i vaI l a lit  c’ c -nil v thui ’oug h ( l ie use ’ ccl t lie t ’, C \‘i’ H( )I

s t a t e m e n t .

‘l’he’ other n u t ujon ’ i l i f f i c i n l t  v :tn ’ose ’ t c~’i ’ aec se ’ of ti I tuck of iva ii a l i t  c ’ d isk ‘s l ma e’e . I ) in e ’ to

the fact tha t  there ’ w a s  o n l y  - spac e’ e ii e ieugh for ’ d m i m e , ’  m i t t  I nrc iie ’n ’ t ’o t i ipi  Icr tot’ ( l ie , ’ h u l k  ccl’

the t.i me , it w a - s n i e ’ c e s ’ S : i n ’ v te m I i t i k a l l  l iVes ’  : i i ic l i n i i s t t i h i  t’i ni ioe l u t  c’s in to  out ’ c o m p i l e r .

‘I’hi s me’tomt that c’ vc ’n ’vcmtme’ h a d  t ci (‘ em it t ’ iu i i  cv I t  Ii e’ve’n’v due ’ (‘I -s e ’ ’ -s I m u g s . t ’ Ii lug ’s evo ttl  ci

hav e ’ gone’ -s nio emt hie ’n ’ h i t u l  I t  be’e’n pa - s s ihI  e ’ t i c  m i c ’ l c t u g  u i m - s t : u i m I  m ’ n i i c m c l u l e s  i t u c l i  v ic tua l  lv  ant i  t o

‘ m ake’ public ’ tin t v t h em ’s e t i ic ~ i iiI  c’s evhu ichi were ’  st : m h m l  cc

‘I’hi’s prob le ’n im wa -s c in’ e’ ut ui v en m t e’il t e m  a e’c ’n ’ t a  i i i  c ’ x t c ’ l i t  l iv  l i u t n ’ o c l i i e ’ l u g  ci m i i t u ’ iii  card opt i i i l i ’s

to at li m e’,’ cert aiim tuuo c lenl Vs (e’. g. , ( u I  d m eg) to he ’ m v  ~mt i sse,’c I . l i i  ci t hen ’ ca-se’s c b i t t ’  e,’xa n ipl e’

when the space numania gen’ cv i -s r i i em d i f ie chi  ( l i i ’s coill ml l i m i t  b me ’ do ne,’.

Several inte ’ r e’ st i t ig  a liii :1-s vet innu tutu see ’ e’n’t’tl d~in e s  t oils litR e’ 1ic’e’ii i’ti i se m i t i - s  t i l ’c ’ ’ s L I I  I of

the wprk oti t h i s  pr oj e ’t’t . ( C ue cd in ut ’vr l u s  a p0’s s l i m l y  n u civ e ’ l  :up lmi ’ di t ieh u t o  opt i i i i i :  at  I c t i m

Another coniee’u ’nis the ’ iii aim ipc i l  at i c mli  iii I ‘— g n’ a 1 mh u

At t he start of the project t ime ’ p e m - s s i l c i l  it ~ of u .s m u g K mn ’ e , ’ I i c i f f ’  s Itu ec ’ s I: ; i t c i  d i l c t a i l i  n’ e’ l a t  i c - c ’

frequ ences of execut ion fu n’ the ’ vtum ’ ie i e n-  h i t  mm,’L s ii i  a pn ’ogn’ a nui cv t i -s l o v e - s t  igt il e ’il . K in’ —

choff ’ s lace’ was stat eel w i t h  regard te m e ’l e ’e’ t t ’ ie ’a I cc i rt ’ui t  t h i e ’on’y :u i u i l  s ac  s ‘‘(I di’,C’ m u

fl ow ou t ,  ‘‘ In the case’ of fl oce’ g’n’a phi ’s , eve’ t i l - si m l~nmoW t h a t  (lit ’ floce ’ : i t m m n g  tin y I m : i thi  i - s

no n—negative. It is eas~’ to diedluce ’ I em ca l i l i t  or to at i d ill .
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If eve ’ l et  1” ‘st :uud ( cm i’ t h e’ fl oev 1 0 1 c m  i i i ’  u i d i t  u m f i  t m t c m c ’k - an t i  I - [me the’ h u e ’ , ’  fn’ umnu i tm l cick I
I I i~I

(cm (mleit ’k thie ’ni ‘- ‘
i 

1” noe l l- ’~ I” , ‘ s i n ic e ’ 1” ‘• 

~~ 
ti n e! ~

,‘ = a nd I”~ = f 1 2  ‘

t i r ed : uh I  m it’ t h e I
.
. - 0.

i t  i s  c l i f f i e ,’ui t t i m  mie,’tt’i’ mci in c t h e ’ re’l tut ion - sh t p s  (mt’tc’,’t’e’ni blocks ,cvhi ch t i r e ,’ the ret at ions to

lit’ m,ie’tt ’t ’ no i m i e ’d an t i ce ’h ic ’hi i i i d i e ,’:ut e’ ee ’he’th it ’t’ cmi ’ r u c i t it is po ss ible  to tell  a n m v t h i n i g  de f in i te

t ibc m ti t  the  i’e ’ l a t i c c r i s h i lm . t~ni t he’ floec ’ u li ag’i’:unuc  i t m O c e ’ , i t  i s  in i i pe i ’s s ib le  tcm t e l l  whether

~ cm l’ :; has a higher  t’n’t’quenu e,’v of e’xt’c’ut ion cv i t h o u t  k luu iee ’m ni g  sotn e ’thinig about the  pro—

[c a l m i l  i t y  of t a k i n g  one’ t m r a n e c h i  cml’ t h e ’ cm t h e ’r it I ) .

R~’l t ut c ye’ (I I ’W t t ’ c ’u i i l e ’I lc ’ I C ’S t i r e ’ i n i c[ m e m t ’ t t u r i t  I i e ’e,’ t u i n s  e ’ i t  I ’ s  t ic ’s ii’~ t iI e’ to nu u o ve  cc c u l t ’ f rom a

n e ’g Ii  i i i  c m l ’ hi ghc t’n’ t ’qu nt ’uc ’,’ t u t a r egi one cm l ’ I owe’r fn’ e’que ’l tc ’ e .  I t y  e ’t i l e’cul at i ng frequenic ie’s

I t  ni’t tu e tic ’ 1mu ’cs sllmle’ tei pt’rtc m n’ nii e,’euile nu’i c m t  1 d m c e ’ i t hu m ut  t’ e’g at ’el (cm t c i r n i i t t l  tc m c m 1 m ’m . It should

lit ’ not cccl , iiu m ~’,’t’ ve’i’ , t hut it thi s nccc’ t hu t! ha ’s uim’~ ce’tmae,’ks . Ni t ule’t’ini it e re’I at iOns hi p ca n be

e’stt itml isbme’d tm t ’~ ce’c’e’m i the ’ Imt ’ t’eie’t’t’s s 1i~~’ of a IX ) \V h i l l .  K I oei~m am! t hee’ c’cm ul e,’ cv thiu the l oop

it set  t , I’’ on’ e’x :u nui l c lc ~

\ , m r e ’ l :mt t e m u i  ,h i l~ ~‘a nm Ice ’ e’’sttu h m l n - s h e ’d! tm e ’t’,’,’t’e’ li I t i n e1 ~ . l ’ hu m s is e,’ c m n ’ u’ e’e ’t (m e ’ t ’a ( t s e’ I tm c: te  [it’

e ’xt ’c ui t  c c i  e ’ , ’hlhe ’ i ’ s  nm cm t I ~ : ‘t i ’r ~ t uu : iv  lit’ e~ ecutt ’cl t uu anu y  ( i rumes while I is ext ’cut ecl

m m m l ’ ,  c ’ tn ( ’ e ’ ~ 
- . I ~,

I t  i- s u nc ’t cl e ’.i t ’ l ic i’,’,’ t i n u i e — e ’ c m t m s u i  t u i i n i g  (hu e ’ c ’ t m l t ’ in l  :11 l i m o cit fn ’ e’ dh iit’ticle ’’s ‘,Vc’di tlcl lie ’ emr ‘,‘,‘hutut

t h e ’ i c l e  i ’ll , if mi m e , wcmu mlcl lit ’ t o te ’n’t nis cm l’ ituipt’ eiv e’ui c u d  ln u u i. ’:ulm c m tm. No atte ’iuip eva s nuunile

~ t ’ ‘gn’ : i u u u  t h u t ’ l’n ’ e ’d h tme ’ n ne ’e ccc at m a t  cm r or ( c m [u i’ eu e ’ t ’ t i mtm ( it ‘,C’ e u ttl  ci ‘,e’cm rl ~ tnt at I en ‘se’s chit ’ (d i

t h e ’ I I n t u i t  e ’ e i  t m nuue ’  a v a i l  ti l d e’ Ion ’ nn l m l m le ’muue ’ imt:mt ic u n i .

\ m l m t  tmt m t n t  c ’i ’ e ’ ’ s t  t u g  e h m l e ’st mdii i  e ’ c u nn ce ’n ’ l m s I ’  gn’ :u~m Iuil mg . ,-\ I t h ie uumg hu ri o e’iut l min ’  l t ’ :ii ev i et en m ce ’

ha - s l ’e ’e’n ga l i i t ’i ’ e ’cI cv ml i i  n e ’ -t lm e’t ’t t e ’ t ime’ iu t’ cv e u j u t  m t i m t en’ , i t  ‘,e’ c u mil  ci :upp e ’a i h :mt I’ - g n ’t u p lu m nug
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t t uk  c’s 1 j ,‘ e ’ :i t i l c’ a nu i ou iut it ( l i t ’  I I  n e ’ ‘ m u l l  I i  - I I i  u r  - ‘ i l l  i l l  I J I  t i n  ‘ I I , Sm i ’m t hm - tu ‘l i t  h i m

u se, ’el i mu I b I s  d u l i t  i nui l i . e t ’  cc’ tN  in’ i 1 1 1 : 1 1 1  V c IcC i_ _ I t t i i c ’ n I . : i u l  :11 ~ n cc I t i m  ‘ m m  cvi i  I t ’h m -s I a t i i ’ c a t  I c -  a - ‘

fd u u ’ v c ’i’v large ’ ~i i’ogn’ :ln 11-s ’h ha s  h e ’e ’ lu m i c i  i , i m i - n i  F I . \\ l t c ’ t h u ’ n ’  I t , c v n ’ i i l i i  I ’ m  t : m  ~t en ’  i i ’

pr ogra mnus whichi tin ’ t’ s n ilt il I e’ie mcuglu to lit ’ opt 11111 / e’m i i-i not  u m l i c l i m l u  s

Thcn’e n a y  he a ni mt hcc n’  t ippn ’ mta e ’h c y lu i c ’ii l’mmiIIul l it - tic cc ft’ tli t lUl . (im lulille i l l c : c u ’ m : I H ! u ’  t c c m u ( l

t o  hav e’ ltm —graph’s ce’hu cli t i r e ’  i ti ’s l e nt  I v t in ’  s i  l I m e ’ — — i ’ m ‘m ic p mcs c ’ c l c i i  i t ’ h I  V i t t 1111 1 11 II ’ i t  II se’s

arid ge ’uic ’ n’tu tii m uIs u t  u n I t s  i i  m ’\ t u ’ l ’ l i l I  }ml ’ c i c t ’ u l u l n ’ t ’s c m i i !  m l  i’c ’l :it u c t i c  5111:11 1 m i u i m h e u ’  oh ’ use ’s

e’l se,’wbic ’n’c’ . \ \ i m i I l  c i  i t  hit’ p it  5 5  ill cc t m  c ’ n’l 1 1  1’ net  a i c t i  S I  ‘ I’ — it,’n ’ ti  ph t d ’l t l p1 a t m ’  t o  o u t  ti Ill the

1 m _ gi ’:iph lot’ e’:iu’h i i icl l~ l ultur il c t o t  :u i i l  cc ’’ I f — t i m , cc’ m m u u I ii i t  Lm m - I :i st  i ’ t ’  t h i n  ii c i ii  - i t t ’  net  j o g  ( l i e ’

I~— graph fr ctn ii s ct ’ a t e ’h ’’

A l t h c i u g h i  mu com l m i ’e ’he n ’ s iv i ’  h m (~T ’ l t i r m m : - t c c  a n a l  v~ is if t h e ’  iccv t ip ’ m u - i l  eva ’s h o t  ‘ n t ’ i ’ i m ’ i

OUt , S u m i i i e ’  t u g m i u c s  tu n ’ d ’ ’ . u \ . u l I : i i m l u ’  ee ’ n th i  r’ c ’- s h mc ’ u ’t l i m  I b m ’ I ~e ’ u ’ l u ’ s  t c ’ s t  c : u - t c ’ . l ’b ic ’ l ’c ’ a r - c’

r c iu gh l  v l o t ’  - t u t u ’  h c-s t u - t i  c - -s , i1 t h u  se’ t m c cvii Id ’hC t ’ c m  m m i i i  1 : 1 ( 1  c m ii st it I -it R’ -t :u rc ’ m u v :u  1 t i l l  e ’

t m ) , t hit ’ s m I t h t t ’st w a s  un i t e r ’  ~ I) olIn’ m ’c ’ ~m c ’ 5
’ t i oci I li e’ 1:1 i ’gu ’n’ pr’ogu’tlnl ’s \c’e’u’c’ i me,’tevt’e’ie

100 l I i i t  1 ) 1 ) s m m c I t ’ d ’ i ’ I n i l e ’s . (~~m I u ’u ’t 5 1 , 1 5  t ’ a m i g i - i  l e n i n :  t m  n c m u ’tt i l ) cv ccm I - s  to  t ti ~~ I cv im u ’ nl - t

cnn io i mt i m n i , e i h  t i n t t t .~ t i m  ~~ TT c m h ) t l l C I i . e ’ni, [hc ’ e ’ I i~~ t i n ’ u ’ - s  c’~~m ’t ild (’ ( O ~ I h m O ( C I ,  e u m n i p i l a —

t ic in e -s cc ’ht e ’h i n ’ ,’ l i t  ‘pt i hn i ?alml t ’. 1 (‘i unii [mil i t iol i ( 1 1 0 1 - - s  i’ : i u u g u - i i  tn ’on u . 000 t ( i t  . 1 ) ( ~ d i l l —

opt u mu I - ‘ c ’ I a Oil - ( t h u  a , i h i l ~~ T m m j i i i liii ,‘ed.

l i i  ;I  u : t  -. e ’  l’ c - u 1 i (  i nil i t  n i  u ’ n ’ — I c - i s  -s rim titl e ’  m ’ , I i i  1 1  u _ t i  -s e,’ -s t hi u ’ i’ e ’  c\’a S 10 chtu m ig u ’ , a nil  nn

cmi  S c’  -s h e c c I t t  lri t i ’ m , -l e’tcu i e’ cv: i s I i  I c , m r ’  , I n  a h s o t l l t d ’  I c ’ t ’ f l C s  (lie’ hc’-it test (‘mi —n’ \C ’:i 5 Omi t ’

w h ich ~l m n ’ :i n i L f t  ‘ m m :  ~
‘ I c ( m m  ti l l evm m t ’ cls . lm c , n m _

c , !m~ t mL ~u cVl -S e ’ , liii ’ it e ’st n’ m ’s ilh t S \‘,‘ d ’i’ d’ m m h t tu r i u e ’ u i

with mi p r c m g r : m n i m  which w a - s  t i m  c y m k  II m um c ~m t i u i i i : m ’ l  : i mi ni . m t  ee’um r’ i l - s ( t 1 0  iniiL’ u’ul . :\ t u m tt c! oh’

‘(
~ t e s t  d ’ l s e ’s , ‘ X l ’ c n l m ’ ’ m n i I w h a t  c onIc ! t ie ’ ih e’ u ’ t’i i m u ’ni a s s m g m u i f m u ’ : i n i t  rc’c h u i c t i i m u i s  m u s u , ’u ’

(defined ht ’re ’ as 1 ~ \‘,‘m mn ’ si .

The largest  nie ’gr ’ :i I : m t  m c i i i  cc .! - I :~ cemc n’ ul-t . I b m ’s I s  - l I l t ’  t i m  ( l i e ’ I: cc ’t ( h u n t  t he ’ c c m u i c ’  g c n i c m ’a t u u u ’

doe’s not r eni eml me r th u e l t ’u i g t h  n t  a h le m lle rn lh i t ulu m c ’t m f l  w h i u e ’bi h a ’ s  l ’ c ’ m ’ t I  \ . - \ l  ‘~c ’ul  liii! is

forced ti m g cc - i i ’ n ’  . i ( c c  a - su i 1n ’ m i l l  t r u e ’ e ’ a l l  1’ :1 he ’i’ t ha i i  l i s t ’ t i l l  I I  S im i t ’t I u ’t j 
~~~~~ i m( h ie ’i’ I ui c ’n’ u ’:I ‘Sc’ s

in the generated c’c ’mi e’ tire l Il t ’ t i m  t h e ’  f ac t  (hint , cc i i  t h e  h h m m r m c ’~ cccl  I n i : i e ’Ii nc ’ , i t  I :ukc ’ -s or ue

instructio n ( i  in m e ’r e ’m m m ’ m l menimm i t ’c . h in t tw o  i n u - s r , i ’uc ’ t i i m m i s  t u c a i l m i  i m m u c ’  t o  mm u m -c,u - ’tc ’m’ t ui u m l

~ te mT’(’ ‘hi’ c’aliu ~’. In n c h i l i l i i m u l , u h c ’i -t ’  c e c i l ’  1s 1m i ’ c m g l ’ a n m l ’ s  1 mm c v h : u ’l i l i t - r e  cc’a~— n ’ u l v  a

‘ (3

- - ~~~~~~~~~~~~~~~ -“- 
‘ -

-
~~~~

-
~~~~~

-

~~ 

- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~ ~~~~~-_

s m a l l  decrease (1—20 cvor ds) in program size.

Thus, a subs tan t ia l  reduction ia s ize occurred in 29 cases , and there were no signifi-

cant changes in 31 cases . It should be cau t ioned , however , that  test cases tend to be

more an -m en e ab l e to op t imiza t ion  than actual programs. It is u n l i k e l y  that an y real pro-

grams would exhibit the s ize  reductions of nearly 50~T cvhich were exhibited in 12 of

the test cases.  It is a l so  u ne l ike lv  tha t  real programs would show the sort of degrada—

(ions cvhich occurred in four test cases.  Real programs can be expected to show a

modest improvement  in most cases , if not a l l .

PO~S1B1LITIES FOR FUTURE IMPROVEMENTS TO THE OPTIMIZER

l’he neec’ op t imizer  is probably more significant for the potential it provide s tha n for

the opt in i iza t ion s  it a c tua l l y  performs . The new optimizer enhances the folding and

con stant a r i thmet ic  capabi l i t ies  of the JOCIT compiler and adds code straightening

and dead stor e e l imina t ion ,  It provides a degr ee of optimization for some programs

which ‘were for mer lv  unopt in e izable  under the JOCIT system (notably the 14 SAC pro—

gr a m s t .

M ore importa ntl y , h owever , it provides a base to which more powerfuL optimizat ions

and additiotial  d iagnost ic  capabi l i t ies  can be added. The following is a l i s t  of possible

additions amid improvement s . It is not intended to be exhaustive , but merel y to pro—

c’ide an idea of evhat could be done .

1. The opt imizer  can use some tun ing  and improvements with respect to

- compi l a t ion  t ime  and space required,  Some ineproven ic enet could be seen

with  minor test ing and modj U cat io n .  The size of the compiler  and size of

the reserve could be specified by control card options . Modifyi ng the opti-

mizer  so that  it could optimize sections of code would require  a s igt i i f icant

amoun t  of work , but it would enabl e larger programs to be co mpi led .

2. Loop opt imization s could be added. Cur i enet ly the old optimizer perfor ms

al l  of the loop optimization ’s for JOC I T. There is some code for code re-

d i s t r i b u t i o n  iii the new op t imize r  beit it is incomplete arid , therefore , by-

passed. The approach to loop op t imiza t ion  could be the conventiot iat  ap-

proach or the experimental  approach based on executiot e frequencies.
34 
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3. Folding could be extended to I nd nile array references arid ov erl  a i(l c-an —

able ’s . t ve t ’ l a id  var iabLe ’s  c o u l d  It ~ hand l ed  l )y c o mbi ne i nig the i r  P—grap h s .

Hand l i n g  a r ray  references would be more compl ex .

4. An improved register a l loca t ion  scheme could be developed , ‘I’ he I tm —g r ap h

for a v ar i a b l e  provide ’s s u f f i c i e n t  infor t i i at ion  to de te rmine  w lu at  v a r i a b l e - i

are good c a n d i d ate ’s to be assigned to reg is te r ’s .  At  pre sent , m o s t  of t h i s

informat ion is host  because the code operator a s s i g n s reg i s t e r s  and the

P—grap h’s t io I onger ex is t  when r e g i s t e r s  are ass  igr ie d . ( )ol y tha t  in fon’ r mi a—

(ion which can be transmitted c - ma til e \ ‘AI . l )  — \~-\ I , S  \ A E , I ’  mec h a n i s m  ‘sum ’—

e l v e s . A gl obal register allocation algor i thm would  he a m a j o r  u n l i e n ’ t a k —

log. Howev er , there are some ‘sma l l e r  change’s ec - hich e cumul  d l)e made at

a lesser cost:

a. VA L.~’s or \ ALI ) ’s could be created for merge’s a ’s ce’ el I as genera-

tions . ‘Flu ’s co uld result i l i  I )ett ei ’ coile I’or i tem ,scv itches .

b , \‘A I Ds could be gener ’a~~d fo r parameter ’s.

e , \ ‘ALDs could  he used instead of \‘ALS’s inc ‘some Cases to eliminate

unnece ssary stores.

It  should be noted , hocveyer , that  these m od i f i ca t ion e ’s  e vou lu l  leave a grca t ei-

affect on a machine with more register ’s than the l ione eveve l l n ’nac ’hi r ie .

5. It cvoutd be possible to diagnose cases in which a variabl e may in’ ul s eil

before it is ‘set. A c’ariab le P—g r aph together with ane me dicatio n of cvhethe,’n’

the var iable is  preset provide ’s  ‘sufficie n t ineformatio ne to d etect this ccmne di—

tion,

6. Self tests (e.g. , A EQ A ) a nd ‘self a ’ss igm in i em e t ’ s  (e .g.  , A A) cane be dele ted

with r e l a t ive  ease.  Self t e s t s  occur in sotile form’s of FOR l oops.

7. The code for Hol l e r i th  fut ic t i  on-i cc-ctO d be i t-tiproved if the-code generator

remembered the length of the m ’e ’su l t  of a funic t ion e cvhich was  \‘AI,Sed. ‘I’h is

would enable EJS instruction s to be used in place of a subroutin ee c a l l ,

35
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“. ‘I’he user interface could be cleaned up in several cases. Some of the
OER R OR n-iessage s could be r eplaced by messages whic h would be more
meaningful  to users. The present OPT options tend to be more historical
than logical. The options and defaults could be reassigned to make the
optimizer  easier to use.
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~~~~~~~~~~~~~~~~~~~~~~~~~~ A — J(’ \’S and SAC Program Comparisons

l ’hie fol lowing t able Imn ’escn it s a compar i semn cmf time various modes of conupil ation for

t h e  J (‘\ ‘S tests . ‘l’herc are four categories :

a, Xi i  emp t i  m i z  atk mu (NOP ’I’)

In . Old e m l m t j f lh j / .CC’ t0P’l’ / 1 ‘‘t

c . N ccc’ cmpti rn izel’ (OP ‘~ ‘ ‘2 /)

d, ( ‘um ni t minied  emi d anid new optimizers (OPT/ 12/)

‘l’hcre was essentia lly no difference between the old complier and the new compiler

in th e N OP ’l ’ amid OP ’i ’/ i/ modes , but th is evas expected since no changes were

plat inecl  iii that area.  Therefore , onl y the above modes are compared in the new

com im iler . ‘l’he con u imi le tinees shocv n are seconds and the sizes of the object code

are iti c i ecin m al .  ‘l’he asterisk indicates a fatal  error.

Ttme (seconds) Size ~decim~1)

,IC\ ’S
Test N Ol tm ’F OP’l’ ’l / OPT ~2 / o PT/12 “ NO VI’ OPT/i l OPT/2/ OPT —‘12/

(‘I ASSl

CI  31,:! 46 , 1  115 .1) 2107 1570 * 166 1

( ‘2 2~ . L .10 . 0 • 79 .6  1539 1594 ~ 1-106

35 . 6 t ; i . 2 2792 2077 ~

CI 27.-I 39.2 1:12. i 200-I 1770 [69-I ‘

( ‘5 32.0 19 .0 21 09 1555 ~

t n ;  h ; , 7 55 .5 2-12 1 2 150 *

as
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‘rime (seconds ) Size (decimal)

JCvS
Test NOPT OPT/il OPT/2/ OP 1_2/ NOPT OPT/1/ OPT/2/ OPT/12/

CLASS2 (This class tests error detection capabilities of the compiler)

ER 1 19.4 * 65. 9 * 1046 ~ 991 *

ER2 1.1 1 .1 1.1 1.4 4 -I -I -I

ER3 This test deliberately pr oduces a fatal erro t’ — all neodes emperat ed in the
same mann~?r.

ER4 1.1 1.1 1. 1 1. -h 5 5 5 5

ER 5 1.1 1.1 1.4 1. -i 7 6 -l -I

¼’

Compoo l Test

COMP 1.8 1,8 1,8 l. s 109 109 109 109

CTST 3.2 4.3 4. 3 7 .2 215 176 176 176

PA 1.1 1,1 1.1 1. -I 27 6 I’~ 6

PB 1.1 1.1 1.1 1. -I Is 6 6 6

CP1 .7 .7 .7 . 7  5 5 5

CP2 . 7 . 7 . 7 . 7 1) 0 0 1)

TSTCP 1.8 2.2 2.2 2.9 89 75 75 75
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Time (seconds) Size (decimal)
JC\ ’S
Test NOP’I’ 

- 
OPT/i/  OPT/2 / ol’i’/12/ NOFF 0PT/17 OPT/2/ OPT/ 12/

A Series

‘[‘EOl 2 .2 2 .9  3. 6 4 .3  119 108 108 104

I’E02 2.5 3.2 4.3  5.0 124 123 123 123

TEO3 2 , 2 3.2 3 . 6 4 .7 146 143 143 143

‘FF0 -I 1. -I 2 .2 2 .5 2 . 1) 63 (i- I 58 61

‘F F05 2. 5 3.2 4.0 5.0 97 97 96 96

‘FF01; 2 . 2 2 .9  3.2 -1.0 3185 3177 3188 3180

TEO7 1 .1 1.4 1,-I 1 .S 24 24 24 24

T EO S 2. 5 2 .9 3. 6 - 1.3 157 153 155 155

F F09 5 . -I 7 .2  6, 5 9. 7 569 505 503 502

1. 8 2 . 2  2. 5 2 .9  66 62 60 59

TE l l  6 . 5 8 . 3 10. 8 1-1 .4 620 394 426 370

‘l’EL! 1 . -I 1 . 8 1 . 8 2 . 2  52 52 •18 54

-10

_____________________________________ - -

_i_ 
-

- 
‘
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-~~~~~~~~~~~i ~~~~~~~~



-- - - - - .-~~~~~~~~~~ --— - - -~~~~~~~~~~~~~ - -— - - - - - - -- - - -  -~~ --- -~~~- -~~~~

Time (seconds) Sii.e (dec inu al)

J C’ VS
Test NOPT OPT/i! OPT/ 2/ OPT/ 12/ NOP’l’ O P l ’ / l /  ()P’l’/2/ Ol ’T/ l2

B Series

TEI4 2.9  4. 0 5.8 6.1 189 1s7 190 190

TE15 2 .2  2. 9 3.2 1.3 219 2 ( 3  221 2 15

TPO L 1.1 1.1 1. 1 1 .1 21 21 21 21

TE2O 1.4 2.2 2.2 2.1) -18 51 46 IS

IFFR . 7 , 7 , 7 , 7 -l -1 -1 -I

FRIF 1.4 2.2 2. 5 3. 2 Ii-! 63 6:1 6:1

BMLO 2.2 2.5 2.9 3.6 113 113 113 113

MIN I 1. -I 1.8 1.8 2.2 55 47 55

STCT 1.1 1.1 1.1 1 .-I 1 -I -I 1

LABL 1.1 1.4 1.4 1 .8 10 10 10 10

TABL 2.5 2.9 3.2 3.6 163 16-I 1 6-I 16-1

CSTI’ .7 1.1 1.1 1. -I ~1 :1 :;

DEFI 1.4 1.8 9,5 2 . 9 -16 50 -16

PIlES 1.1 1.4 1.~1 1 .8 31 31 31 :11

TRAN 1.4 1.8 1.8 2.2 56 36 56 51;

-Il
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Time (seconds) Size (decimal )
J C \‘S
‘I’est NO P T 01”!’ ‘1/ OPT/2 / OPT/ 12 / NOPT OPT/i / OP’1’/2 / ()P ’1’/12/

C Series

CAPY 8.3 9.7 16.9 18.4 445 409 380 380

DI R I 6 . 1 7 . 6  10 .4  14 . 0  487 346 335 347

DIRE 13. 3 17 . 3 44 , 6 58.0 1229 995 984 984

STC 5.0 5.8 7.2 8.3 599 549 572 554

STOP 2.5 3.2 4.0 1.3  163 161 161 161

CLOS 2.9 -1. 0 5.0 6.1 197 185 188 187

MOI) E 4 .3  5 .4 6 , 8 7 .9  270 262 263 263
¼’

WORE ) 1. 8 2. 2 2 .5  2 . 9  82 82 82 82

LS~VI) 1. -I 1.8 2 .2  2. 5 66 66 66 66

ABS 2.2 2.9 3,6 4.3 137 119 116 115

BI~NK 1.-I 1.8 1.8 2.5 74 7-! 7-1 74

I,l,IT 10. 1 1-1 .8 16 . 6 2:1.0 977 1)-Il 936 935

‘(‘he following table gives the compile time in seconds and the size of the generated

object code in decimal fom’ fourteen SAC programs that had fatal error s on the old

optimizer. ‘l’hese results were not obtained with the latest version of thee compiler

produced under this contract , since the SAC programs were removed fr om the

disk earli er. However , the c-alues should be a good ind icati on of the expected

results with the latest compilem ’ . An asterisk Indicates a fatal  error.
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Ti me (seconds) St it’ ((lee I 1)101)

SAC
Program NOPT 01’T/i/ Ol’T/2/ OPT/12/ N01”l’ oi’i’/i / 01”l’ ~2 / O P I ’  12

BPAI) 9 0 ‘‘ 19 1 508 ‘‘ -IT S

B1’Bl) 137. 5 ‘‘ 1110 .2  ‘‘ 83-1 5 7588

B PCI) 97. 2 ~~ •~370 2) 4 * 7268 4 * ‘(639•l) 4 4

B P1)1) 29. 5 ‘‘ 120 . 2 ~~‘ 2068 4 1836 * *

BPEI) - 17.9 ‘‘ 173.2 ~~ 3339 :1127

Bl~Fl) I l l  “ ~ 718 2 ‘‘ (;791) 63-U)

BPII) 11 -1 .8 81-1 .0 4 4  98-17 s IOS ‘‘

BIk)H 3” S •~ 1-1 0 0 ‘~~ 2-122 22 51)

B PPR 28. 5 * * 1 5(i. 6 ‘ 1 1)8-1 1900 ‘4

BPQR 85 9 ‘‘ 5 8 1. 0 ‘‘ 7002 ‘‘ 6-182

BPSA 32. 0 ~~ 118, -I •~ 2 627 25:11)

BPT R 112 . 7 1385 .3 5539 7:11) 1)

BPUR 64. 8 ‘ 11)2 .6 ~~‘ -1761; 1652

BPVR 30. 6 ‘‘ 158. -I •~ 622-I 6105 *

The double aster isk ~-i indicate that the con e im il  at totu for t h ose modes uca s  niot a t tempt ed

after some cor re ct i mn s had been made to the em l el em tmtinu iie ’r, l ’he ’t’efon ’ t ’ , the  st a tu s

of those modes is unkn mwn e until the SAC ~mrogr a m’s c’ati I m e re ’ston ’cul to th e ii i  L a t m !

retried with the new compiler. l’re viou slv , h iowec’en’ , at I of t h it’ fe m it t’tceu SAC pro-

grams had fatal errors in the old ( ‘ompiter .

The program BI’ CI ) is shown with a fatal error under the ( 1 ( ‘1 ’  2 ‘ n ui i n tk .  I- ’ a r l i cn ’

It had been compiled successfully in STt ) . 2 sec(mn (Is and ge’nt ’m’ a tt ’d 6 :19-I 
10 words of
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otmjcc t e ’u mt l~ , Since th iat  comp ilatiot i , hemcvec’er , thee upper lin i lt  to which the compiler
cvas allowed te m grow d ur ing  a coni p ilat iot e cva’s lowered. ‘I ’hi s apparen t ly  caused a
lack of suff ic ient  ta b le simace to successful ly  complete the compila t ion of 11 1’(’i). A
s i m i l a r  s i tua t i emt i  occurred withi :i tiUfleber mf the (‘LASS I JC\ ’S tests con epiled under
thee t)P’l’ - 12/ mode,
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